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A B S T R A C T
The thesis d e s c r i b e s  three p r i n c i p l e  i n v e s t i g a t i o n s  of 
the a l k a l i n e  and e n z y m i c  d e g r a d a t i o n  of p e n i c i l l i n  V yB- 
sulphoxide.
(i) P e n i c i l l i n  V p - s u l p h o x i d e  w a s  o b s e r v e d  to u n d e r g o  
epimerisation at C-6 on treatment with mild aqueous 
base: the d i r e c t  e p i m e r i s a t i o n  of the s u l p h o x i d e
has onl^frreviously been o b s e r v e d  u s i n g  esters in 
non-aqueous solutions.
(ii) 3-phenoxyacetamido-1-phenoxyacetylpyrrole was iso­
lated as an a l k a l i n e  h y d r o l y s i s  p r o d u c t  of VSO: 
this a p p e a r s  to be the first r e p o r t e d  e x a m p l e  of 
the direct d e g r a d a t i o n  of a p e n i c i l l i n  d e r i v a t i v e  
to a pyrrole. This c o m p o u n d  wa s  th en s y n t h e s i s e d  
and compared with the isolated product.
(iii) C o m p a r a t i v e  s t u d i e s  of the d e g r a d a t i o n  of p e n i ­
cillin V sulphoxide by p-lactamase and alkali i n d i ­
cated the possible operation of different pathways: 
this contrasts with the corresponding degradations 
of penicillin V which were indistinguishable.
These i n v e s t i g a t i o n s  are d i s c u s s e d  in the c o n t e x t  of 
earlier s t u d i e s  of p - l a c t a m  d e g r a d a t i o n  w h i c h  are r e ­
viewed in an introductory chapter.
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N O T E S
The penam^ and c e p h e m 2 ring s y s t e m s  are n u m b e r e d  non- 
systematically from the sulphur and not from the bridge­
head nitrogen.
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The a b b r e v i a t e d  n o m e n c l a t u r e  and n u m b e r i n g  of JB-lactam
•3
antibiotics is discussed in detail by Brown.
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C-H A P T E R 1 
INTRODPCTIOK
1
_L*_1_ CHEMISTRY Q Z  PENICILLIN SPLPBQXIPE
-1.1.1 Historical Development
F l e m i n g fs c o n s e q u e n t i a l  d i s c o v e r y  of the a n t i b i o t i c  
penicillin resulted in extensive structure determination 
studies and i n v e s t i g a t i o n s  of its c h e m i c a l  p r o p e r t i e s ,  
principally during World War II.^ Among derivatives of 
benzyl penicillin which received early attention were the 
methyl ester (1) and its s u l p h o x i d e  (2 ).^
(t)
NaI04
(2)
2
It was reported that the sulphoxide derivative p-lactam
to its p arent p e n i c i l l i n ,  w h i c h  s u b s e q u e n t l y  p r o v e d  to 
have important applications.
Studies involving submerged fermentations of Penicillium
penicillins w i t h  novel side ch a i n s  d e r i v e d  f r o m  m o n o ­
substituted a c e t i c  a c i d s  p r e s e n t  in the g r o w t h  m e d i u m .  
Thus p h e n o x y a c e t i c  acid y i e l d e d  p e n i c i l l i n  V (3) w h i c h  
was f ound to be acid s t a b l e  and thus s u i t a b l e  for oral 
administration.6
moiety had g r e a t e r  a c i d i c  and ba sic s t a b i l i t y 1* r e l a t i v e
led to the b i o s y n t h e s i s  ofnotatum and
o-
H H H H H H 1
RN
(6)
H H H
(3) R = PhOCHoCO
R f
C02CH3
(5) R = PhCHCO
n h 2
(7)
3
Production o f  t h e  p e n i c i l l i n  " n u c l e u s " ,  6 - 
aminopenicillanic a c i d ,  i.e. 6 - A P A  (4), i n i t i a l l y  by 
precursor-restricted f e r m e n t a t i o n ,  and s u b s e q u e n t l y  by 
the a c t i o n  of a m i d a s e s  on p e n i c i l l i n s  G and V, has m a d e  
possible the p r e p a r a t i o n  of c l i n i c a l l y - u s e f u l  s e m i -  
s y n t h e t i c ^ e n i c i l l i n s 7 , e.g. a m p i c i l l i n  (5). L a t e r  the 
facile ring expansion of various esters of the penicillin 
V p - s u l p h o x i d e  (6 ) to c o r r e s p o n d i n g  c e p h e m  e s t e r s  e.g. 
(7) was observed by M o r i n .8
In a d d i t i o n  to the f u n g a l  c e p h a l o s p o r i n s ,  s o m e  of w h i c h  
were s u b s e q u e n t l y  found to o c c u r  in S t r e p t o m vces and 
bacteria, S k e l e t a l l y  novel jB-lactams have also been 
discovered in the p r o k a r y o t e s  n a m e l y  c a r b a p e n e m s  (e.g. 
thien amycin)9 (8), an oxapenam (clavulanic acid)10,11 (9)
(10)
and monobactams (e.g. sulfazecin)^ 2. Many cephalosporins 
possess enchanced p-lactamase resistance and new g enera­
tions of structurally more complex semi-synthetic d eriva­
tives have been p r e p a r e d  w h i c h  are c u r r e n t l y  p r o v i n g  to 
be of c o n s i d e r a b l e  c l i n i c a l  i n t e r e s t  e.g. c e f o t a x i m e
OH
0 N
OH 
••COOH
(8) (9)
n h 3
°2C
CH:
tO N H  CONH OCH.
0
(10)
\ o "
N
CON > !  l ^ s \
II
N CHoOAc
OMe
(11)
5
1■1.2 Synthesis
Oxidation of N - a c y l - t h i a z o l i d i n e s  w i t h  s o d i u m  m e t a -  
periodate readily yielded sulphoxides. 1 ^  However, in the 
early 1 9 4 0 fs, a t t e m p t e d  o x i d a t i o n  of b e n z y l p e n i c i l l i n  
with this agent was unsuccessful. Nevertheless, applica­
tion of the experimental conditions for the preparation 
of benzylpenicillin sulphone methyl ester also yielded a 
crystalline s u l p h o x i d e  of the m e t h y l  e ster of b e n z y l ­
penicillin. ^
A n e w  an d  e f f i c i e n t  m e t h o d  f o r  the p r e p a r a t i o n  of 
penicillin s u l p h o x i d e  e s t e r s  i n v o l v e d  t r e a t m e n t  of the 
sulphoxide w i t h  a h y d r a z o n e  in the p r e s e n c e  of an 
oxidising agent. 15»16 F u r t h e r  m e t h o d s  of o x i d a t i o n  of 
the penicillin to its sulphoxide have included the use of 
a p e r o x y a c i d  r e s i n  w h i c h  gave no p r e f e r e n t i a l  s t e r e o ­
selectivity . 1 7
Direct oxidation of 6 -aminopenicillanic acid (6 -APA) (4)
or ampicillin (5) to their corresponding sulphoxides (12) 
and (1 3 ) has been a c c o m p l i s h e d  e i t h e r  u s i n g  p e r a c e t i c  
acid on t h e i r  p - t o l u e n e s u l p h o n a t e  s a l t s  18 or w i t h  
ozone.19 Howev e r ,  in the l a t t e r  case, a m i x t u r e  of the 
sulphoxide stereoisomers of 6-APA (S:R 4:1) (12) and (14) 
was obtained.
6
0o-
H H T
H 2 N S  K S S <
0
h 2 n s  
0
— N
(12)
0
» H I*
N
(14)
co2h
'C02H
H H H 
PhCHCON ' ! >• S
NH,
 Y  Y  CH3C0 3^ ,
I on n_ ^
0
- N
(5 )
or 0
•co2h
H H 
PhCHCON 
I
n h 2
0
o -
H T
S+-
N -co2H
(13)
Oxidation of 6 -A PA (4) and ampicilUn 
to their s u l p h o x i d e s
(5)
7
It has been r e p o r t e d ^ O  that o x i d a t i o n  of a p e n i c i l l i n  
containing a s e c o n d a r y  a m i d e  side c h a i n  w i t h  a v a r i e t y  of 
oxidizing a g e n t s  gav e  only the |B-sulphoxide. The sole 
exception wa s  ozone, w h e r e i n  a m i x t u r e  of the two s t e r e o ­
isomers resulted.19 Therefore, a useful method of pre­
paring the thermodynamically unstable cx-sulphoxide was 
achieved by i n t r o d u c i n g  a p r o t e c t i n g  g r o u p  on the 
secondary amino function.21 This group was postulated as 
responsible for the resultant sulphoxide stereochemistry.
Oxidation of p e n i c i l l i n s  c o n t a i n i n g  an i m i d o  side c h a i n
have resulted in the formation of th ermodynamically more
stable a - s u l p h o x i d e s . 2 0  On p r o l o n g e d  r e f l u x i n g  in
toluene, a highly insoluble substance which proved to be
22the jB-sulphoxide was isolated.
1.1.3 Epimerisation reactions
The first reported example of epimerisation at C-6 of an 
intact p e n i c i l l i n  n u c l e u s  w a s  m a d e  i n  1 9 6 8 . 2 3  
Hetacillin (15) w h e n  t r e a t e d  w i t h  a q u e o u s  s o d i u m  
hydroxide (pH 11.5) for 30 m i n u t e s  at r o o m  t e m p e r a t u r e ,  
followed by a c i d i f i c a t i o n  to pH 2, w a s  o b s e r v e d  to y i e l d  
epihetacillin (16). This reaction also occurred in non-
8
aqueous systems. E p i m e r i s a t i o n  of 6-0 
penicillin s u l p h o x i d e  e s t e r s  h a s  
re p o r t e d .24,25
C6 H 5
J}
I— f 1H HHN
■ x T
0
6 5r 'fv
4 3
co2h
(15)
OH
C6 H 5 f:H H! / S
0
N
co2h
(1 6 )
- p h t h a l i m i d o -  
a l s o  b e e n
9
The g e n e r a l  r e q u i r e m e n t s  for C -6 e p i m e r i s a t i o n  in 
various p e n i c i l l a n i c  a c i d s  w e r e  e x a m i n e d  by C l a y t o n  and 
c o w o r k e r s . 26 T h e y  c o n c l u d e d  t h a t  the p r i m e  f a c t o r  
determining anion formation was the electronegativity of 
the C -6 s u b s t i t u e n t .  The /3-epimer w a s  f o u n d  to u n d e r g o  
more rapid C-6 anion formation than the oc-epimer.
Wolfe and coworkers27 acknowledged that penicillanic acid 
derivatives, w i t h  st r o n g  el e c t r o n - w  i t h dr aw i ng s u b s t i ­
tuents at C -6 u n d e r w e n t  e p i m e r i s a t i o n  in a q u e o u s  
hydroxide via carbanionic intermediates. They suggested 
^-eliminat ion a n d  c a r b a n i o n  f o r m a t i o n  at C -6 w e r e  
competing r e a c t i o n  pat h w a y s .  The l a t t e r  p r o c e s s  w a s
facilitated by an a p p r o p r i a t e  c o m b i n a t i o n  of e l e c t r o n
+
withdrawing C -6 s u b s t i t u e n t  [e.g. Br, N ( C H 3 ) 3 »
^6H4 (C0 )2N] a n d  s t r o n g  b a s e  [e.g. O H ” , NaH, N a N H 2 , 
(Cjj 3 ) 3CO — 3. Beta e l i m i n a t i o n  w a s  f a v o u r e d  w h e n  the base
was triethylamine. Reaction of anhydr0-6 -p-phth alimido-
penicillin (17) with sodium hydroxide in tetrahydrofuran
("carbanion c o n d i t i o n s " )  or w i t h  t r i e t h y l a m i n e  in
methylene c h l o r i d e  ("jB - e 1 i m i n a t i o n c o n d i t i o n s ” ) g a v e
anhydro-6 -K-phthalimidopenicillin ( 1 8 )  a s  t h e  s o l e
produc t .
10
Penicillins w i t h  a s e c o n d a r y  a m i d e  side c h a i n  lose the 
amido p r o t o n  in the p r e s e n c e  of base, and the n e g a t i v e  
charge thus g e n e r a t e d  p r e v e n t s  the loss of a se c o n d  
proton f r o m  C - 6 . As a result, such p e n i c i l l i n s  f a i l e d  to 
epimerise. However, N-silylation of the amide group with 
silyl-exchange r e a g e n t s ,  s u c h  as N , 0 - b i s [  t r i m e t h y l -  
silyljacetamide, f o l l o w e d  by t r e a t m e n t  w i t h  an o r g a n i c  
base, rendered epimerisation possible, and 6-epimers of 
phenoxymethyl- and benzylpenicillin esters were obtained
in 70? y ield .28
(17)
N(CH2 c h 3 )3
c h 2c i2
0
0
(18)
11
Penicillin epimerisation is often accompanied by jB-lactam
ring c l e a v a g e  and f o r m a t i o n  of a t h i a z e p i n e  (19). This
has been construed as evidence for the enethiolate inter-
2 5mediate (2 0 ) in the o v e r a l l  p r o c e s s  of e p i m e r i s a t i o n .  
Alternatively, on the b a sis of i s o t o p e  i n c o r p o r a t i o n  at 
the C-6 position of hetacillin (15) in alkaline deuterium 
oxide solution, the intermediary role of the enolate (2 1 ) 
was s u g g e s t e d . ^
H
(19)
N
2
(2Q)
12
(15)
i
C6 H 5 T  f  «
V
N
0 'COO
(21)
II
C6 H 5 I f ° H H
H N ^ N -
NO '"  "  "COO
(16)
Epimerisation of hetacillin (15)
13
In the examination of the alkaline degradation products 
of a m p i c i l l i n  (5a) a n d  a m o x y c i l l i n  (5b), B i r d  a n d  
coworkers29 found that these w e r e  the 5p e p i m e r s  of the 
penicilloic acids (2 2 a and 2 2 b).
R
H 2 N
H H H
CHCON i/S\<
'C02H
( 5 )
R
H H
h 2 n
c h c o n h c
I
h o 2 c h n
C 0 zH
(22)
(5a) and (2 2 a), R = C g ^
(5b) and (22b), R = 4-OH.C6H4
Carroll and c o w o r k e r s 3 0  postulated the probability that 
all penicilloic acids epimerised at C-5 in alkali. Busson 
and c o w o r k e r s 3 1  f o u n d  t h a t  b e n z y 1 p e n i c i 1 1 o i c  a c i d  
epimerised at C-5 and C-6 on prolonged storage at pH 7»
14
Ring Expansion
Very e a rly in p - l a c t a m  a n t i b i o t i c  r e s e arch, s t u d i e s  on 
structure-activity relationships among penicillins from 
precursors had shown that the microbiological activity of 
fermentation-produced p e n i c i l l i n s  w a s  a f u n c t i o n  of the 
6-acylamino side chain. This o b s e r v a t i o n  w a s  f u r t h e r  
substantiated and m o r e  e x t e n s i v e l y  d e v e l o p e d  f o l l o w i n g  
isolation of the p e n i c i l l i n  n u c l e u s  (6 -APA) (4) and its 
subsequent acylation in medicinal chemistry laboratories 
around the w o r l d . 32
With the discovery of cephalosporin C (23) and its s t ruc­
ture d e t e r m i n a t i o n ,  s c i e n t i s t s  f a ced the p r o s p e c t  of 
altering this n a t u r a l  p r o d u c t  at s e v e r a l  s i tes on the 
molecule to achieve optimal bacteriocidal effects.
H N H H H
. 3 CHCH_CH„CH CON | / S \
o 2 c ^  2 2 2
0^ n\|^S:h2ococh3 
co2h
(23 )
Penicillins were recognised as economical and attractive 
starting materials for 3- methylenecepham (26) synthesis. 
Many of these conversions involved a cyclisation of mono- 
cyclic a z e t i d i n o n e s  (25) in w h i c h  a s u l p h u r  a t o m  i n t e r ­
acts w i t h  an i s o p r o p e n y l  d o u b l e  bond g e n e r a t e d  by a 
symmetry-allowed s i g m a t r o p i c  2 ,3 - s h i f t  f r o m  p e n i c i l l i n  
sulphoxides (2 4 ).33
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Conversion of penicillin sulphoxide 
(24) to 3-methylenecepham (26)
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Hashimoto and K a m i y a 3 ^  have p r o d u c e d  a r e v i e w  on this 
type of chemical modification in penicillins.
Kukolja and c o w o r k e r s 3 5  d i s c o v e r e d  an o x i d a t i v e  ring 
expansion reaction of penicillin sulphoxides, yielding 3- 
methylenecepham sul p h o x i d e s .  This novel p e n i c i l l i n - t o -  
cephalosporin c o n v e r s i o n  w a s  a c o r o l l a r y  to t h e i r  
previous discovery that azetidinone-4-sulphinyl chlorides 
were cyclised to deacetoxycephalosporins in the presence 
of s t r o n g  base.36 They had found that t r e a t m e n t  of 
methyl 6-phthalimido - p e n i c i l l i n a t e  1- o x i d e  (2 7 ) w i t h  an 
equivalent of s u l p h u r y l  c h l o r i d e  in r e f l u x i n g  c a r b o n  
tetrachloride g a v e  t h e  s u l p h i n y l  c h l o r i d e .  ( 2 8 ) 
Triethylamine t r e a t m e n t  of (28) a f f o r d e d  m e t h y l  7- 
phthalimidodeacetoxycephalosporanate 1-oxide (29) in high 
overall yield.
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Conversion of penicillin sulphoxide (27) 
to cephalosporin (29)
M
19
0-
COoR'
\
- o
H
RN
0
/
N
H
N 2+
I
c o 2 r '
H 
R N
0
( 3 0 )
1
o -
I
/ S + N 1
X ^ C H
C02R'
Scheme 1 : Oxidative ring expansion via
episulphoxonium (3 0 ) intermediate
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An alternative perception of this oxidative ring expan­
sion w a s  a d v a n c e d  by C o r n f i e l d  a n d  T a y l o r . 37 T h e y  
proposed an e p i s u l p h o x o n i u m  (3 0 ) i n t e r m e d i a t e  w h i c h  
undergoes a c o l l a p s e  of the e p i s u l p h o x o n i u m  ring w i t h  
elimination of a p r o t o n  ( S c h e m e  1). They, therefore,  
investigated the p o s s i b i l i t y  of g e n e r a t i n g  such an e p i ­
sulphoxonium ion f r o m  3 - h a l o - 3 - m e t h y l c e p h e m s  by the 
action of e l e c t r o p h i l i c  m e t a l  sa lts and c o n c l u d e d  that 
the lone pair of electrons on sulphur participated in the 
reaction. This s u p p o r t e d  the idea that both ac and p 
sulphoxides w e r e  c a p a b l e  of f o r m i n g  b r i d g e d  species, 
presumably epimeric episulphoxonium ions, which led to 3- 
methyleneceph^Lms with retention of configuration.
1.1.5 Deoxvgenation
The r e d u c t i o n  of p e n i c i l l i n  s u l p h o x i d e  to the c o r r e s ­
ponding sulphide has been accomplished using phosphorus 
tribromide in di me t hy 1 f or m am id e.3 8 , 3 9 These conditions 
were also applicable to 6-epipenicillin sulphoxide (31) 
to a f f o r d  a s y n t h e s i s  of 6 - e p i p e n i c i l l i n  (32).^0 An 
alternative m e t h o d  of d e o x y g e n a t i o n  of p e n i c i l l i n  
sulphoxides utilised phosphorus pentasulphide-pyridine.** 1 
However, the m e c h a n i s m  of this r e d u c t i o n  has not been 
established.
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1.1.6 Further ehemieal degradation reactions 
1.1.6a Acid degradation
The normal acidic rearrangement of penicillin sulphoxide 
derivatives is w e l l - k n o w n  and has been d i s c u s s e d  at
22
PhOCH CON v
length p r e v i o u s l y . 2 0 ,  a f u r t h e r  u n u s u a l  r e a c t i o n  of 
phenylacetyl chloride on penicillin V sulphoxide (6 ) in 
acetone f u r n i s h e d  the t h i a z i n i u m  salt ( 3 3 )«^2 This 
reaction i n v o l v e d  the s p o n t a n e o u s  u ptake of o x y g e n  fro m 
the atmosphere.
H H
P h O C H - C O N
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H
PhOCH C O N
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Acid w a s  also b e l i e v e d  to a c t i v a t e  the r e a c t i o n  of
penicillin sulphoxide with N-chlorophthalimide, bringing
about S-C5 bond c l e a v a g e  f o l l o w e d  by loss of C 0 .4 3 An
extensive r e a r r a n g e m e n t  of p e n i c i l l i n  s u l p h o x i d e  w h e n
treated with trifluoroacetic anhydride has been reported 
411
by Barrett.
JU1t6fr Base degradation
Reaction of penicillin with base results in e p i m e r i s a ­
tion of the 6p-side chain to the thermodynamically more 
stable 6oc-conf ig u r a t  ion.45 B a s e - c a t a l y s e d  epimerisation  
of the s u l p h o x i d e  (34) to gi ve the 7 - e p i c e p h e m  ( 3 5 ) ^  
(after r e a r r a n g e m e n t )  c o n t r a s t s  w i t h  the g e n e r a l  base 
rearrangement of p e n i c i l l i n  s u l p h o x i d e s  in the p r e s e n c e  
of pyridine to produce isothiazolones, (e.g. 3 6-*3 7) ^  7
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More recently, it has been r e v e a l e d  that the " p r o d u c t
4 8 4 9
profile" w a s  d e p e n d e n t  u p o n  the e s t e r  u s e d .  . * 
Baldwin 2^  c o n c l u d e d  that b a s e - c a t a l y s e d  r i n g  o p e n i n g  of 
azetidinone s u l p h e n i c  a cids (e.g. 3 8 ) gave s u l p h i n e s
(e.g. 3 9 )» w h i c h  may be i s o l a t e d  or i n t e r c e p t e d  as t h e i r  
intramolecular 1 ,3 - d i p o l a r  a d d u c t s  (e.g. 40).
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1 .1 »6c Halogenating .fr&en_t_9.
Since the discovery of a new family of 7-methoxycephalo- 
sporins ( c e p h a m y c i n s ) , the m e t h o d  of m e t h o x y l a t i o n  of 
penicillin at c a r b o n -6 h a s  a r o u s e d  c o n s i d e r a b l e  
int erest.5° B a l d w i n ^ !  r e p o r t e d  t h a t  p e n i c i l l i n  
sulphoxides w e r e  r e a d i l y  m e t h o x y l a t e d  w i t h  t e r t - b u t y l  
hypochlorite in methanol containing sodium borate buffer 
at 0°C (i.e. 41 <*4 2). If this r e a c t i o n  w a s  a l l o w e d  to
proceed at 25°C, the p r o d u c t s  i s o l a t e d  [ ( 4 2) , ( 4 3 ) »( 4 4 ) 
and (45)] a p p e a r e d  to have d e r i v e d  f r o m  the 6 - h y d r o x y  
compound (46) w h i c h  s u b s e q u e n t l y  u n d e r w e n t  a 5-6 bond
cleavage.52
Reaction of penicillin sulphoxide (41) with N-chloro-N- 
sodio-car bamate y i e l d e d  the 6 - s u b s t i t u t e d c a r  baoi a t e  
(46a). 53 ,54 The r e a c t i o n  w a s  p o s t u l a t e d  as p r o c e e d i n g  
through a 6 - e p i p e n i c i l l i n  s u l p h o x i d e  (47) i n t e r m e d i a t e ,  
followed by oxidation to the acylimide (48) and addition 
of ethyl sodiocarbamate to the sterically favoured oc-face 
of the molecule. (Scheme 2)
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carbamate resulting in the 6-substituted 
carbonate (46a)
1.1.7 Imidazole-catalysed degradation and its relevance 
to penicillin allergy
Allergy is m e d i a t e d  by a n t i g e n - a n t i b o d y  r e a c t i o n s ,  the 
antibody having been formed as a response to exposure of 
the individual to an immunogenic substance. It has been 
generally a c c e p t e d  that drug m o l e c u l e s  of low m o l e c u l a r  
weight (haptens ) are per s e no n-i m m u n o g e  ni c , but m u s t  
first combine irreversibly with a tissue macromolecule in 
order to elicit antibody formation.55,56 ,57 The m a c r o ­
molecule is u s u a l l y  a p r o t e i n  but m a y  be a high m o l e c u l a r  
weight c a r b o h y d r a t e  or lipid. A n t i b o d i e s  f o r m e d  in 
response to exposure to the hapten-protein conjugate have 
some d egree of s p e c i f i c i t y  for the h a p t e n  g r o u p  and 
usually for portions of the protein carrier.
The requirement for combination of small molecules with 
macromolecular carriers has been established empirically 
by the w o r k  of a n u m b e r  of i n v e s t i g a t o r s .  Thus, only 
those c o m p o u n d s  c a p a b l e  of r e a c t i n g  w i t h  t h e s e  
specialised p r o t e i n s  w e r e  a b l e  to i n d u c e  an i m m u n e  
response.
Once formed an antibody can react with antigen, p r e s u m ­
ably on s u b s e q u e n t  e x p o s u r e  to the drug, and i n v o k e  the 
allergic reaction. The a n t i b o d y  may also r e a c t  w i t h  an
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antigen resembling, in chemical structure, the hapten to 
which it is specific. The extent of this cross-reactivity 
will often d e p e n d  u p o n  not only how c l o s e l y  the two 
molecules r e s e m b l e  each other, but also how the h a p t e n  is 
linked to the carrier protein, the amino acid residue to 
which it is conjugated, and perhaps residues surrounding 
the one to which the hapten is linked.
The principal antigenic determinant in penicillin allergy 
has been p o s t u l a t e d  as the p e n i c i l l o y l  group, w h i c h  wa s  
thought to be f o r m e d  by r e a c t i o n s  of p e n i c i l l i n  w i t h  
nucleophilic groups of protein such as £ -amino-groups of 
lysine residues.58-62 Two possible routes for formation 
of penicilloyl derivatives are apparent and are shown in 
Scheme 3»
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Scheme 3 : Possible routes for formation of peni­
cilloyl derivatives from penicillin
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Since penicilloylation of primary amino-groups at physio­
logical pH a n d  t e m p e r a t u r e  p r o c e e d s  s l o w l y , ^ 3 » 6 4  
catalysis is likely to be important in the i m m u n o c h e m i c a l  
binding of penicillins to serum proteins or other tissue 
macromolecules. A m i n o l y s i s  of p e n i c i l l i n s  by i m i d a z o l e  
is an e f f i c i e n t  p r o c e s s  at n e u t r a l  pH^5 and i m i d a z o l e -  
catalysed p e n i c i l l o y l a t i o n  could be . i n v o l v e d  in the
/* /• A 7
formation of penicilloyl-protein conjugates in. vivo. 1 
This possibility has been supported by studies involving
ft 8the blocking of imidazole-groups in proteins.
Imidazole-catalysed p e n i c i l l o y l a t i o n  of a m i n o -  or 
hydroxyl- groups has been suggested to proceed either via 
N-penicilloylimidazole (^9), the initially formed product 
in the r e a c t i o n  of p e n i c i l l i n  w i t h  i m i d a z o l e ,  or its 
intramolecularly i s o m e r i s e d  product, p e n i c i l l e n i c  ac id 
(50) . ^  9
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Penicillins w h i c h  w e r e  s t r u c t u r a l l y  i n c a p a b l e  of u n d e r ­
going r e a r r a n g e m e n t  into p e n i c i l l e n i c  a c i d s  have been  
demonstrated to be as i m m u n o g e n i c  a s  b e n z y l -  
p e n i c i l l i n .6 2 ,70 it is i m p o r t a n t  to k n o w  w h e t h e r  the 
highly r e a c t i v e  N - p e n i c i l l o y l i m i d a z o l e  f o r m e d  f r o m  all 
types of penicillins is able to transfer its penicilloyl 
groups to various functional groups of proteins with the 
formation o f  m o r e  s t a b l e  p e n i c i l l o y l  c o m p o u n d s .  
Experiments with 6 -ethoxypenicillin have led to the con­
clusion that N - p e n i c i l l o y l i m i d a z o l e  w a s  c a p a b l e  of 
penicilloylating a m i n o -  and h y d r o x y -  g r o u p s  in i n t e r -  
molecular r e a c t i o n s . ^
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1 >2.1 Hydrolysis <L£ p-lactams hx Bacillus megateriuia 
Streptomvces venezuelae
Hydrolysis of the p - l a c t a m  N(4)-C(7) and C ( 5 )-C(6 ) b onds 
and v a r i o u s  N - a c y l  s i d e  c h a i n s 7 1  ar e  k n o w n  to be 
catalysed by p e n i c i l l i n - m e t a b o l i s i n g  en z y m e s .  In the 
degradation of anhydropenicillin V to .(*)-phenoxyacetyl- 
thioglycylvaline72 both r i ngs w e r e  cleaved. P e n i c i l l i n  V 
p-sulphoxide (6 ) was s h o w n  to u n d e r g o  a n o v e l  t r a n s f o r -  
mationby Bacillus megaterium and Streptomvces venezuelae 
leading to (5 2 ) ( p o s s i b l y  via the i n t e r m e d i a t e  (5 1 ),75 
following chloroform extraction and treatment with acetyl 
chloride and d i a z o m e t h a n e .  This c o n v e r s i o n  by e x t r a ­
cellular e n z y m e s  of b a c t e r i a  and s t r e p t o m y c e t e s  w a s  
analogous to the d e g r a d a t i o n  of p e n i c i l l i n  V (3) to giv e 
phenoxyacetylglycine (53) and e i t h e r  N - f o r m y l p e n i c i l l a -  
mine (54)7^ or the corresponding thiazoline (55)75 by the 
cell w a l l  p e p t i d o g l y c a n  c r o s s - l i n k i n g  e n z y m e s  of these 
micro-organisms.
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.1 Hydrolysis hJL p-lactamase3
Enzymic h y d r o l y s i s  of the p - l a c t a m  ri ng of p e n i c i l l i n s  
has been suggested to occur as follows.
H 
RCON
0
 N —  
penicillin
•co2h
+ h 2o
H 
RCON r
n ^ H N  
u OH c o 2h
penicillo ic a d d
The r e a c t i o n  wa s  d i s c o v e r e d  by A b r a h a m  and C h a i n  in 
194076, but the i d e n t i t y  of the p r o d u c t  w a s  not d e t e r ­
mined u n t i l  9 y e a r s  l a t e r . 77 Th e  p r o d u c t s  o f  p -  
lactamase h y d r o l y s i s  do not d e p e n d  on the s o u r c e  of the 
enzyme, but d i f f e r e n t  b a c t e r i a l  s p e c i e s  p r o d u c e  e n z y m e s  
with very d i f f e r e n t  s u b s t r a t e  s p e c i f i c i t i e s .  M a n y
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strains of ££&£]l£jL.Q..S..&.S..e.u.§. a m e u s  c a n  d e s t r o y  l a r g e  
amounts of b e n z y l p e n i c i l l i n ,  by m e a n s  of p - l a c t a m a s e  
activity. A l l  p e n i c i l l i n s  w h i c h  c a n  be m a d e  by 
fermentation have a 6 - a c y l a m i d o  g r o u p  of the g e n e r a l  
structure R - C H g - C O N H - » and all of these are s u s c e p t i b l e  
to hydrolysis by staphylococcal p-lactamase.
Anhydropenicillins (e.g. 56) w e r e  f i r s t  p r e p a r e d  a n d
characterised by W o l f e  a n d  c o w o r k e r s 7 ® > 7 9 w h o  w e r e  
impressed with the stability of these compounds despite
also r e p o r t e d  that n u c l e o p h i l i c  c l e a v a g e  of a n h y d r o -  
penicillin^6 c c u r r e d  i n i t i a l l y  at the thiol e s t e r  c e n t r e  
and c l a i m e d  under m i l d  c o n d i t i o n s  a n h y d r o p h t h a l i m i d o -  
penicillin (57) r e v e r t e d  to the p e n i c i l l i n  (58). But 
this has not apparently been observed by other workers.
H H H
PhOCHJION ’ ' c
(56)
3 0
indications of high ring strain. W o l f e  a n ^ c o w o r k e r s
(57 )
| H 2 °
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R = ph tha lim ido
Reported conversion of anhydropenicillin 
to the penam ring system
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Initial a t t a c k  by o x y g e n  n u c l e o p h i l e s  o c c u r r i n g  at the 
thiol ester carbonyl group was also reported by Bundgaard
the p r i m a r y  p r o d u c t  of both the e n z y m e - c a t a l y s e d  (p- 
lactamase Type I of Bacillus oereus and TEM jB-lactamase) 
and the s p o n t a n e o u s  h y d r o l y s i s  in n e u t r a l  and a l k a l i n e  
solutions gav e  the i d e n t i c a l  p r o d u c t  (i.e. 59). This
implied that the initial site of nucleophilic attack by
hydroxide i o n  a n d  w a t e r  (as w e l l  as p h o s p h a t e  a n d
carbonyl r a t h e r  t h a n  at the e s t e r  c a r b o n y l  g r o u p ,  
resulting in ring cleavage.
and A n g e l o . 81 H o w e v e r ,  Pratt and c o w o r k e r s ® 2 c l a i m e d
H H H
RN
H H H 
R N ^ i  i / S s . 0
( 5 9 )
carbonate ions if they p a r t i c i p a  t e 8 1 as n u c l e o p h i l i c  
rather that general-base catalysts83) w a s at the p-lac t a m
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Penicillin with resistance to staphylococcal p- lactamase 
show low affinity for this enzyme. They are not however 
totally r e s i s t a n t  u n d e r  all c o nditions. M e t h i c i l l i n  
(60), the fi rst s e m i - s y n t h e t i c  p e n i c i l l i n  e x h i b i t i n g  
clinically useful resistance to staphylococcal p-lacta- 
mase, was described in 1 960.8^,85 Following the intro­
duction of methicillin, isoxazole penicillins were also 
found to have almost total resistance towards staphylo­
coccal p - 1 a c t a m a s e .8 6 ,8 7 Other semi-synthetic enzyme- 
resistant p e n i c i l l i n s  i n c l u d e  a n c i l l i n ^ S  (60b), q u i n a -  
cillin89 (60c) and nafcillin9° >91 (6 0 d).
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acid bv penicillin acylases
Enzymes c l e a v i n g  p e n i c i l l i n  side chains w e r e  i n i t i a l l y  
referred to as n a m i d a s e s n .92 E n z y m e  p r e p a r a t i o n s  w e r e  
subsequently fo und w h i c h  c o uld s y n t h e s i s e  p e n i c i l l i n s  
from s i d e - c h a i n  p r e c u r s o r s  a n d  6 - a m i no p e n i c i 11 a ni c 
acid.93 Such e n z y m e s  w e r e  c a l l e d  "acylases". C e r t a i n  
enzymes p r o v e d  to be r e v e r s i b l e , ^  e.g. to p o s s e s s  
"amidase" as w e l l  as " a c y l a s e "  a c t i v i t y .  It a p p e a r s  
probable that all p e n i c i l l i n  a m i d a s e s ,  u n d e r  c e r t a i n  
conditions' are also penicillin acylases, c_f Scheme 4.
H
RCON
N
co:
acylase
h 2 n
- f
V
CO.
(3) R = C 6H 5O C H 2 
( 6 1 )  R = C 5H 5C H 2
6 -A P A
+
RCOOH
Scheme 4 : Equilibrium between 6-APA and its 
N-substituted penicillin under the 
influence of either amidase or acylase
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Penicillin a c y l a s e s  f r o m  m i c r o b i a l  s o u r c e s  a p p e a r  to be
of two t y p e s . 95 Type I, also k n o w n  as p h e n o x y m e t h y 1-
penicillin a c y l a s e ,  o c c u r s  in m o u l d s ,  y e a s t ,  and
streptomycetes, and de-acylates p h e n o x y m e t h y l p e n i c i l l i n
(3) more efficiently than benzylpenicillin (6 1 ).96 Type
II, or benzylpenicillin acylase, occurs in bacteria and
in s p e c i e s  of N o e a r d i  a 9 3 and c l e a v e s  b e n z y l p e n i c i l l i n
efficiently. This b a c t e r i a l - T y p e  II a c y l a s e  s e e m s  to
recognise the p h e n y l a c e t y l  m o i e t y  readily, as n u m e r o u s
phenylacetyl d e r i v a t i v e s  o t h e r  than b e n z y l p e n i c i l l i n
have been hydrolysed by Type II enzyme.93,97 — 101 Species
of P e n i o i l l i u m and C e p h a l o s p o r i u m p o s s e s s  the f u n g a l -
version of Type I a c y l a s e . 1 0 2  This p e n i c i l l i n  a c y l a s e
Q6 Q8 99appears to be predominantly extracellular. * *
1*2,4 Fragmentation g X  penicillin Jljl expge.lj.u lar DD- 
carboxvoeptidase-transoeotidase of Streptomvces R61_
Like various p - l a c t a m a s e s , acylases and e s t e r a s e s ,103 the 
extracellular D D - c a r b o x y p e p t i d a s e - t r a n s p e p t i d a s e  (DDCT) 
of Streptomvces R61 degrades benzylpenicillin and other 
^-lactam a n t i b i o t i c s . 1011” 106 The R61 e n z y m e ,  h o w e v e r ,  
markedly d i f f e r e d  f r o m  the other p e n i c i l l i n - d e g r a d i n g  
enzymes in c a u s i n g  f r a g m e n t a t i o n  of the p e n i c i l l i n  
nucleus. Fr ere and G h u y s e n 10? s h o w e d  that N - ( a c y l ) -
glycine (62) and N - f o r m y l - D - p e n i c i l l a m i n e  (63) w e r e  
released in s t o i c h i o m e t r i c  a m o u n t s  f r o m  the c o m p l e x  
formed between penicillin and R61 DDCT, and that release 
of these f r a g m e n t s  and e n z y m e  r e a c t i v a t i o n  w e r e  c o n ­
comitant events (Scheme 5).
H H H
RN r
N
1s X
3
c o 2 h
R 61 enzyme 
+ 2H2 0
RNHCH
o A »
(62)
+
H
Y
C— H
c o 2h
(63)
Scheme 5 : Reaction of penicillin with R61 DDCT
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When the s u b s t r a t e  w a s  b e n z y l p e n i c i l l i n ,  p h e n y l a c e t y l -  
glycine was released. Similarly, phenoxymethylpenicillin 
led to p h e n o x y a c e t y l g l y c i n e  b e i n g  released. S t o i c h i o -  
metrically, the reaction consisted of the addition of two
^2° molecules and resulted in the hydrolysis of the amide 
bond and in the rupture of both C5-C6 and C5-S linkages.
■It 2,5 Cleavage si£ penicillin £  catalysed hx P-alanine 
carboxvpeptidase of Bacillus stearothermophilus
D-Alanine c a r b o x y p e p t i d a s e  f r o m  B.a.£i l.l._u s. s._t.e.a.r Hr. 
thermoohilus is a mem brane-bound enzyme which catalyses a 
reaction r e s e m b l i n g  the c r o s s - l i n k i n g  of p e p t i d o g l y c a n  
strands in the b i o s y n t h e s i s  of b a c t e r i a l  cell walls. 
However, water, r a t h e r  than an a m i n o  g roup is the ac yl 
acceptor. The e n z y m e  is i n h i b i t e d  by p e n i c i l l i n s  w h i c h  
bind covalently to it.108 Hamma r s t r o m  and S t r o m i n g e r 109 
reported that the e n z y m e  also c a t a l y s e s  the d e g r a d a t i o n  
of penicillin G (61) to phenylacetylglycine (6H) during a 
self-catalysed reactivation.1 1 0> 11 1 The same conversion 
of p e n i c i l l i n  G was o b s e r v e d  w i t h  D - a l a n i n e  c a r b o x y -  
peptidase f r o m B . s u b t i l i s l  1 1 a n d  s u b s e q u e n t l y  w i t h  a 
soluble carboxypeptidase from streptomycetes.1 12
H7
Hammarstrom and S t r o m i n g e r 113 later indicated that [35s] 
penicillin G was degraded to 5,5-dimethyl-A2-thiazoline-
4-carboxylic acid (55), d u r i n g  its i n t e r a c t i o n  w i t h  D- 
alanine carboxypeptidase from JL. stearothermophilus.
This g a v e  a d d i t i o n a l  s u p p o r t  f o r  t h e i r  p r e v i o u s l y  
proposed mechanism of penicillin G cleavage (Scheme 6) by 
this e n z y m e l 09 and these a u t h o r s  d r e w  a t t e n t i o n  to a 
similarity b e t w e e n  the e n z y m i c  r e a c t i o n  and a c h e m i c a l  
degradation of p e n i c i l l i n  G m e t h y l  ester in t r i f l u o r o -  
acetic a c i d J  ^  ^  T h e ir  r e s u l t s  also e x c l u d e d  an a l t e r ­
native pathway for the enzymic formation of phenylacetyl- 
glycine, in w h i c h  a - f o r m y l  p h e n y l a c e t y l g l y c i n e  w a s  an 
intermediate, since this p a t h w a y  w o u l d  have r e s u l t e d  in 
the f o r m a t i o n  of [35s] p e n i c i l l a m i n e  f r o m  [35s] 
penicillin G.
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Scheme 6 : Proposed m e c h a n i s m ^ ® ? ?  of penicillin G
cleavage by DDCT of strearothermophilus
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1*3. HOPE OF ACTION OF PENICILLINS AND CEPHALOSPORINS 
1t3t1 Cell wall structure and biosynthesis
Bacteria are c o m p l e t e l y  e n c l o s e d  w i t h i n  a cell wall, 
giving the m  s hape and f o r m  and p r o t e c t i n g  t h e m  f r o m  
potentially t r a u m a t i c  e v e n t s  e.g. o s m o t i c  s h o c k .  
Penicillin i n t e r f e r e s  w i t h  the s y n t h e s i s  of the rigid 
component of cell walls, known variously as mucopeptide, 
murein, or peptidoglycan. Sensitive cells growing in the 
presence of p e n i c i l l i n ,  a c q u i r e  a p r o g r e s s i v e l y  
disordered cell w a l l  stru c t u r e ,  and i n c r e a s i n g l y  lose 
their osmotic barrier. The cell membrane becomes unable 
to w i t h s t a n d  the high o s m o t i c  p r e s s u r e  and u l t i m a t e l y  
bur s t s .
Synthesis of b a c t e r i a l  cell w a l l s  has been d e s c r i b e d  in 
detail by Strominger and coworkers. 115 This takes place 
in three d i s t i n c t  st a g e s  w h i c h  o c c u r  at three d i f f e r e n t  
sites in the cell. In the f i r s t  s t a g e ,  the u r i d i n e  
nucleotide pr e c u r s o r s ,  U D P - a c e t y 1 - m u r a m y 1 - pentapeptide 
and UDP-acetylglucosamine, are synthesised in the cyto­
plasmic r e g i o n  of the cell. At the se c o n d  stage, these 
uridine nucleotide precursors are utilised, together with 
other s u b s t r a t e s  in the cell m e m b r a n e ,  to i n t r o d u c e  new
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disaccharide-pentapeptide units into the growing peptido­
glycan of the cell wall, via a m e m b r a n e - b o u n d  p h o s p h o ­
lipid. The third s t age of the cell w a l l  s y n t h e s i s  is the 
cross-linking of the l i n e a r  p e p t i d o g l y c a n  s t r a n d s  w h i c h  
takes place outside the cell membrane. The cross-linking 
is e f f e c t e d  by a t r a n s p e p t i d a t i o n  in w h i c h  t w o  l i n e a r  
peptidoglycan strands interact with each other, forming a 
peptide bridge, w i t h  the e l i m i n a t i o n  of D - a l a n i n e .  No 
additional e n e r g y  s o u r c e  is r e q u i r e d  at t h i s  s t a g e  
(Figure 1 ).
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Figure 1 : Cross-linking of glycine bridges in
S . aureus by transpeptidation
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1 .3.2 Mechanism _q£  action of penicillins and 
cephalosporins
Most of the work investigating the mechanism of action of 
p-lactam a n t i b i o t i c s  have be en c a r r i e d  out w i t h  b e n z y l ­
penicillin . 116 -120 D u g u i d 1 2 1  f i r s t  s u g g e s t e d  t h a t  
penicillin interfered with cell wall synthesis, and Park 
and J o h n s o n l 22 o b s e r v e d  the a c c u m u l a t i o n  of u r i d i n e  
nucleotides in .2Lt_ a u r e u s  e x p o s e d  to pe n i c i l l i n .  T h e s e  
were thought to be precursors of the peptidoglycan of the 
cell wall. C o l l i n s  and R i c h m o n d 1 2 3  s u g g e s t e d  that 
penicillin might be a stereoanalogue of N-ac e t y l m u r a m i c  
acid and that it e x e r t e d  its e ffect by p r e v e n t i n g  the 
addition of N-ace ty l m u r a m i c  acid or its p e p t i d e  to a cell 
wall polymer.
It is now k n o w n  that p e n i c i l l i n  does not a f f e c t  the f irst 
two s tages in cell w a l l  s y n t h e s i s  but that it is the 
third stage w h i c h  is s p e c i f i c a l l y  i n h i b i t e d  by p e n i ­
cillins and c e p h a l o s p o r i n s . 124-126 It w a s  the n p o s ­
tulated m o r e  s p e c i f i c a l l y  that p e n i c i l l i n  m i g h t  be a 
structural analogue of the terminus of the peptide chain 
because its a c t i o n  is l i m i t e d  to t h i s  s t a g e  of th e 
synthesis. When molecular models of benzylpenicillin and 
D-alanyl-D-alanine were compared, it was found that they 
had a s i m i l a r  c o n f i g u r a t i o n .  The h i g h l y  r e a c t i v e  C O - N
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bond in the p - l a c t a m  ring of p e n i c i l l i n  o c c u p i e s  a 
spatial position analogous to that of the CO-N bond in D- 
alanyl-D-alanine. H a v i n g  o b s e r v e d  this c o n f o r m a t i o n a l  
similarity, Tip p e r  and S t r o m i n g e r 126 s u g g e s t e d  that if 
the transpeptidase formed an acyl intermediate with the 
end of the pentapeptide, eliminating D-alanine, it could 
also r e a c t  w i t h  p e n i c i l l i n ,  f o r m i n g  an a n a l o g o u s  
penicilloyl i n t e r m e d i a t e  a n d  t h e r e b y  b e c o m i n g  
inactivated. In these circumstances, transpeptidase may 
be l o o k e d  u p o n  as a s p e c i a l  t y p e  o f  j B - l a c t a m a s e .  
However, the cell wall transpeptidase has proven elusive 
but a c l o s e l y  r e l a t e d  p e n i c i l l i n - s e n s i t i v e  cel l w a l l  
enzyme, D - a l a n i n e  c a r b o x y  peptidase, has been p u r i f i e d  
from m e m b r a n e s  of filfilllus e. a n.oJLh. e.H M  o. £. hJJL u s. b y 
penicillin a f f i n i t y  c h r o m a t o g r a p h y J  27 By a m i n o  ac id 
sequence a n a l y s i s  of 1^C- l a b e l l e d  c y a n o g e n  b r o m i d e  
peptides generated and purified from D-alanine carboxy­
peptidase covalently labelled with either [14c]penicillin 
G or the s u b s t r a t e  [ 1 4 c ] d i a c e t y l - L - l y s y l - D - a l a n y l - D -  
lactate, Y o c u m  a n d  c o w o r k e r s l  28 s h o w e d  t h a t  the 
penicillin and s u b s t r a t e  w e r e  both bound as e s t e r s  to a 
serine at r e s i d u e  36. This r e s u l t  s u p p o r t e d  T i p p e r  and 
Strominger's hy po the s i s 129 that p e n i c i l l i n  irreversibly 
acylated the active site of the cell wall transpeptidase. 
Waxman and S t r o m i n g e r 123 established that p-lactam ant i ­
biotics are indeed active site-directed acylating agents.
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A new class of penicillins, amidino penicillins (e.g. 65) 
have a m o d e  of k i l l i n g  d i f f e r e n t  f r o m  that of n o r m a l  
penicillins. The distinguishing structural feature is the 
replacement by an amidino linkage of the usual acylamido 
linkage attaching the side chain.
o
The effect of the drug was striking in that gram-negative 
organisms such as E. coli w e r e  up to a h u n d r e d  t i m e s  m o r e  
sensitive than were such gram-positive organisms as 
S . aureus o r B_*. s. n  h  J^i l.i.s. In t h e  c a s e  of a t y p i c a l  
penicillin derivative, ampicillin, the ratio is just the 
opposite. Amidino penicillin functions poorly as a peni­
cillin which inhibits cross-linking. However, there must 
exist s o m e  other e n z y m i c  a c t i v i t y  in g r a m - p o s i t i v e  
organisms w h i c h  is e x q u i s i t e l y  s e n s i t i v e  to the a m i d i n o
C H = N
0 ^
( 6 5 )
\
-H
c o 2 h
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penicillin. The e f f e c t s  on cell m o r p h o l o g y  m a k e  it
likely, although not certain, that the inhibited activity
is related to envelope synthesis. One possible candidate
13  0 -might be the e n z y m e  w h i c h  a t t a c h e s  the l i p o p r o t e i n  
13 4 to the p e p t i d o g l y c a n ,  p r e s u m a b l y  by a t r a n s p e p t i -  
dation. Later w o r k ^ 3 5 , 1 3 6  lends credence to this model.
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- C - H J - P T B H  2
CHARACTERISATION OF THE MAJOR PRODUCT 
FORMED ON TREATMENT OF PENICILLIN £  
jB-SULPHOXIDE WITH MILD BAgE
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jLj l
Epimerisation o f p e n i c i l l i n  p - s u l p h o x i d e  (6) to i t s C - 6 -  
epimer(66) m e d i a t e d  by the a c t i o n  of o r g a n i c  b ases has 
previously been reported .^0,137
H
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H H
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V-tfr-
1A X
3 H
C 0 2 R 1
H H 
RCON  ^ I
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Corresponding epimerisation of penicillin sulphone esters 
has also bee n  o b s e r v e d , ^38 e.g. t r e a t m e n t  of b e n z y l ­
penicillin s u l p h o n e  m e t h y l  ester (67) w i t h  1 , 5 - d i a z a b i -  
c y clo[4 .3 • 0 ]non-5-ene (DBN) gave rise to the 6 - e p i m e r
(68).
Literature citing C-6 epimerisation of penicillin has in 
general d e s c r i b e d  the ro le of such b ases as DBN .and 
NO-bis(trimethylsilyl)acetamide (B S A ). 1 3 9
In the present investigation, the free acid of penicillin 
V j3-sulphoxide (VSO) was s h o w n  to r e a d i l y  e p i m e r i s e  in 
mild a q u e o u s  base (pH 12, NaOH). The C - 6 - e p i m e r  w a s  
successfully isolated and characterised spectroscopically 
and by x-ray diffraction. This epimerisation appears to 
be the first recorded observation of direct isomerisation 
of the free acid in a q u e o u s  m e d i u m .  There w a s  no i n d i c a ­
tion of the formation of this epimer during p - l actamase 
degradation of the s u l p h o x i d e ,  h o w e v e r ,  p r o d u c t s  w e r e  
observed which closely resembled other alkaline degrada­
tion p r o d u c t s  (as ju d g e d  by t.l.c. and n.m.r.).
VSO (6) was prepared by oxidation of potassium phenoxy- 
methylpenicillinate with sodium metaperiodate in aqueous
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solution. As p r e v i o u s l y  r e p o r t e d , 1^0'a s i n g l e  c r y s t a l ­
line s u l p h o x i d e  (m.p. 165 °C) w a s  o b t a i n e d  (8055 yield). 
Selective i n t r o d u c t i o n  of o x y g e n  at the p - f a c e  c o n c e i v ­
ably r e s u l t i n g  f r o m  h y d r o g e n  b o n d i n g  of the p e r i o d a t e  
ion to the 6-p-amido N-H substituent.
The p r e s e n t  s t u d i e s  i n d i c a t e d  that the C - 6 - e p i m e r  (66)
was f o r m e d  f r o m  VSO (6) a l m o s t  i m m e d i a t e l y  f o l l o w i n g
addition of the base (NaOH, pH 12); this w a s  s t a b l e  in
solution for a limited period (40-60 minutes). At least
two other products were concomitantly formed with the 6-
(66)
epjpenicillin p - s u l p h o x i d e ^ b u t  these w e r e  not c h a r a c ­
terised. . T h e  i n i t i a l  r e a c t i o n  p r o d u c t s  w e r e
further d e g r a d e d  to s t a b l e  c o m p o u n d s ,  one of w hich,  
phenoxyacetylpenicilloaldehyde, was successfully charac­
terised as its 2 ,4-dinitrophenylhydrazone (69).
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Degradation of penicillin sulphoxide to penilloaldehyde
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2^2. M S IILia M R  DISCUSSION
2.2.1 Investigation of penicillin X  p-sulphoxlde (VSO) 
degradation bv mild base (pH 12, NaOH)
Progressive hydrolysis of VSO in mild base was monitored  
through a variety of analytical techniques including thin 
layer c h r o m a t o g r a p h y  (t.l.c.), p r o t o n  n u c l e a r  m a g n e t i c  
resonance (^H n.m.r.), r e v e r s e d - p h a s e  high p e r f o r m a n c e  
liquid c h r o m a t o g r a h p y  (h.p. 1. c.) and p o l a r i m e t r y .  The 
relative c o n t r i b u t i o n  of each t e c h n i q u e  to an o v e r a l l  
understanding of the d e g r a d a t i o n  of VSO is g i v e n  in the 
text.
( i) T h i n .laver c h r o m a t o g r a p h i c  a n a l y s i s  o f r e a c t i o n  
media
In an o p t i m u m  s o l v e n t  s ystem, d e t e r m i n e d  to be M e O H  : 
0.5M NaCl (7 :3 v/v), a l i q u o t s  of the r e a c t i o n  m i x t u r e  
of VSO w i t h  base w e r e  e x a m i n e d  by r e v e r s e d - p h a s e  t.l.c.. 
Progressive degradation of VSO under these conditions is 
illustrated in Table I.
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TABLE I : Degradation of VSO in base followed by
fc.l.o. (MeOH : 0.5M NaCl; 7 : 3 v/v)
sjyaj?_l.e l f x aJjis
VSO (pH 7) 0.71*
5 mine (pH 12) 0.76, 0.63
10 mins 0.71, 0.64
20 mins 0.82, 0.73, 0.64
40 mins 0.83, 0.71
80 mins 0.83,
+ CHC13 e x t r a c t  (pH 2.5) 0.84, 0.72, 0.39
* Spots were detected by UV light (254 nm)
+ CHClg extraction after 80 minutes
An a l t e r n a t i v e  m o b i l e  p hase c o n s i s t i n g  of a m i x t u r e  of 
b u t a n o l :acetic acidiwater (4:1:1 v/v) was used to develop 
selected a l i q u o t s  of the r e a c t i o n  m e d i u m  on s i l i c a  gel 
plates. Data o b t a i n e d  f r o m  this s y s t e m  is s h o w n  in T a b l e  
II.
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TABLE II : Degradation of VSO in base followed by t.l.c.
(butanol : a c e t i c  aoid : water; 4 : 1 : 1  v/v)
samples
VSO (pH 7) 0.76
*
1 hr (pH 12) 0.93. 0.13
^CHClg e x t r a c t  (pH 2.5) 0.84
Aqueous (pH 2.5) 0.05 , 0.80 + , 0.5 1 +
+ faint
* spots were detected by UV light (254 nm)
§ CHCI3 extraction after 1 hour
When the i n c u b a t e d  s o l u t i o n  (28 °C) was t r e a t e d  w i t h  
B r a d y !s reagent, three spots were detected by t.l.c., one 
of w h i c h  w a s  the p e n i l l o a l d e h y d e  d e r i v a t i v e .  T.l.c. 
indicated that the p r o d u c t s  f o r m e d  f r o m  V S O  h y d r o l y s i s  
were pH d e p e ndent, and the c h l o r o f o r m  e x t r a c t s  at pH 2.5 
gave p r o d u c t s  w h i c h  d i f f e r e d  f r o m  those o b t a i n e d  at pH
.L U ) P r o t o n  n.m.r. analysis s X  ISO, frydrjaJyj-ULa
The p r o g r e s s i v e  h y d r o l y s i s  of VSO at pH 12 s u g g e s t e d  by 
n.m.r. is shown in Figure 2. Original methyl resonances 
of V S O (8 1.27 a n d 1 .6 8 p . p . m . ) g r a d u a l l y  d e c r e a s e d i n
1 2 .
24hrs.
60 mins.
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34
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3-H6-H 5;H :c h
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5 ppm 9 12 06 5 4 38 7
Figure 2 : 90 MHz n.m.r. spectra of the progressive 
hydrolysis of VSO at pH 12 (D2 q )
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intensity c o i n c i d e n t a l  w i t h  the a p p e a r a n c e  of three 
discreet pairs of s i g n a l s  (S ppm a : 1 -3, 1.65; b:
0.98, 1.47; c : 0.87 > 1.4 4). A f t e r  24 h o u r s  the
original VSO peaks i n c l u d i n g  those c o r r e s p o n d i n g  to set 
(a) w e r e  absent. The n.m.r. s p e c t r u m  a f t e r  24 h ours 
indicated little change suggesting the relative stability 
of these products. A fter t r e a t m e n t  of the r e a c t i o n  
mixture w i t h  Brady's rea gent, an ora n g e  p r e c i p i t a t e  wa s  
isolated and identified as the penilloaldehyde derivative 
(m.p. 16 6 °C ) .
_(_iii) Reversed-Phase high performance liquid
QhrQmat.pgrapiiy
Recently, h i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  
(h.p.l.c.), e s p e c i a l l y  r e v e r s e d - p h a s e  or i o n - p a i r  
reversed-phase h.p.l.c., has become increasingly useful in 
assay and identification of antibiotics and their degra­
dation products. 1 ^  Its advantages have included its
speed of o p e r a t i o n  and r e l a t i v e  s e l e c t i v i t y .  R e v e r s e d -  
phase h.p.l.c. has now p r o v e d  to be a v a l u a b l e  t e c h n i q u e  
in the d e t e r m i n a t i o n  of m a n y  d i f f e r e n t  p e n i c i l l i n s  and 
cephalosporins. Mason1^5 found that using reversed-phase 
columns (C 8 or C i ^ ’ ion P a i r i n S 6 ave c o m p a r a t i v e l y  
increased efficiency over buffered systems which resulted
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in an appreciable increase in relative retention times.
Initial e x p e r i m e n t s  u s i n g  d i f f e r e n t  p r o p o r t i o n s  of 
buffered methanol as a mobile phase gave retention times 
for standard solutions of less than four minutes. It was 
subsequently f o u n d  t h a t  u s i n g  an i o n - p a i r  r e a g e n t ,  
te trabu tylammonium p h o sphate, i n c r e a s e d  the r e t e n t i o n  
time g i v i n g  s a t i s f a c t o r y  resol u t i o n .  M e t h a n o l  wa s  
initially used as the o r g a n i c  m o d i f i e r  but l a ter a c e t o -  
nitrile was found to be preferable. The relative concen­
trations of aqueous and organic components were adjusted 
such that at a f l o w - r a t e  of 1 ml min""' , the c o m p o u n d  
under investigation had a retention time of between 7 and 
10 minutes. Later, gradient elutions were substituted 
for isocratic elution.
VSO was observed to degrade spontaneously in buffer so lu­
tion. H o w e v e r ,  its rate w a s  s l o w  and did not i n f l u e n c e  
the r e s u l t s  o b t a i n e d  f r o m  e i t h e r  e n z y m i c  or a l k a l i  
degradations. Figure 3 shows the progressive decrease of 
VSO with time while three products, VN1,VN2 and VN3 were 
formed.
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Figure 3 : VSO hydrolysis in NaOH (pH 12) monitored 
by h.p.l.c. V N 1 , VN2 and VN3 are unknown 
degradation products
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VN2 and VN3 underwent progressive increases whereas VN1 
reached a m a x i m u m  after 7 minutes and slowly decreased in 
concentration. VN2 and VN3 w e r e  s t a b l e  for at l e ast 30 
minutes at pH 12 but at pH 2, they d i s a p p e a r e d  and four 
new products were formed.
li-V-l Polarimetric jaJm dAaa j&f V3Q 4egradatip-H
The s p e c i f i c  r o t a t i o n  of a 1 % a q u e o u s  s o l u t i o n  of VSO was 
found to be [ a ] 20 = +2130. W h e n  VSO w a s  t r e a t e d  w i t h  
sodium hydroxide, the rate of d e c r e a s e  of the a n g l e  of 
rotation, a, was found to be dependent on its pH (Figure 
4). At pH 12, over the fi rst 5-10 minut e s ,  ex r a p i d l y  
decreased to a m i n i m u m  (20 m i n u t e s )  s u b s e q u e n t l y  
increasing very slightly. This p a t t e r n  of c h a n g e  in « 
during alkaline hydrolysis of VSO contrasted that of the 
p-lactamase d e g r a d a t i o n ,  w h i c h  gav e  a l i n e a r  ra te of 
decrease of o(. (Fig ure 29» Pg. 12.1 )
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Figure 4 : Change of rotation, o(, with time during 
VSO hydrolysis in NaOH at pH 7» 11 and 12
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These observations are supported by the work of Johnson23 
who n o t e d  a s h a r p  d r o p  in s p e c i f i c  r o t a t i o n  w h e n  
hetacillin (15) w a s  t r e a t e d  w i t h  a q u e o u s  s o d i u m  
hydroxide (pH 11.5). The c o m p o u n d  i s o l a t e d  w a s  i d e n t i ­
fied as epihetacillin (16).
C6 H 5
0
HN f l
H H
N —
0
f ^ s V
co2h
(15)
OH
C6 H 5
0
H H 
!
0 •co2 h
(16)
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■2.«2«2 Isolation slL 6-epjpenicillin X  jB-gwlPhOXidff
When VSO w a s  d i s s o l v e d  in p h o s p h a t e  b u f f e r  at pH 7» 
adjusted to pH 12 w i t h  s o d i u m  h y d r o x i d e  then a c i d i f i e d ,  
after a few minutes, a white precipitate appeared. This 
solid (El)-, upon dissolution in pH 7 phosphate buffer was 
unchanged after treatment with jB-lactamase but degraded 
slowly in a l k a l i .  Th e  y i e l d  of E1 w a s  f o u n d  to be 
dependent on the t i m e  it w a s  kept at an a l k a l i n e  pH 
before acidification. M a x i m u m  yields (Q5%) were obtained 
when this t i m e  w a s  r e d u c e d  to tw o  m inutes. By t.l.c. 
(silica GF 254,0.25 mm, w i t h  C H C L 2: (C H 3 ) 2 CO = 6:1 v/v), 
E1 had a s i m i l a r  Rf v a l u e  to VSO both of w h i c h  w e r e  
chromatographically indistinguishable in several solvent 
systems. H o w e v e r ,  by r e v e r s e d - p h a s e h.p.l.c., E1 
exhibited a d e c r e a s e d  r e t e n t i o n  t i m e  r e l a t i v e  to VSO 
(i.e. it was comparatively more polar). Elemental an aly­
sis (C, H, and N) i n d i c a t e d  that its e m p i r i c a l  f o r m u l a  
corresponded to that of VSO. H o w e v e r  its m e l t i n g  p o i n t  
(153°C) d i f f e r e d  f r o m  that of VSO (165°C) and t h e i r  
mixed m e l t i n g  p o i n t  w a s  depr e s s e d .  M a s s  s p e c t r a l  d a t a  
for E1 also s u g g e s t e d  s i m i l a r i t i e s  w i t h  VSO but its 
iHn.m.r. (Figure 5) s p e c t r u m  d i f f e r e d  s i g n i f i c a n t l y  
(Table III).
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Considering the differences in solvents (Figure 5 in DMSO 
and F i g u r e  6 in C D C l ^ *  there is still a s i g n i f i c a n t  
shift in the -NH signals. In the 6 - e p j p e n i c i l l i n  V p- 
sulphoxide, F i g u r e  5, the - N H  s i g n a l ,  (a d o u b l e t ) ,  
appeared at S 9*46. H o w e v e r  in the m e t h y l  ester, F i g u r e  
6, this signal a p p a r e n t l y  s h i f t e d  u p f i e l d  to b e t w e e n  
8 6.9 to 5 7 • 4 • It w a s  not a n t i c i p a t e d  that e s t e r i f i c a -  
tion c o u l d  a f f e c t  s u c h  a p r o f o u n d  s h i f t  of the - N H  
proton.
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Figure 5 : 90 MHz n.m.r. spectrum of 6-^Jiipenicillin 
V p-sulphoxide (DMSO)
74-
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Figure 6 : 90 MHz 1h n.m.r. spectrum of 6- epiDenicillin 
V J3-sulphoxide methyl ester (CDCI3 )
3 A 3IE H I  J_ Proton magnetic resonance’1, .dfl-ta s £  VSO
M  ULS. .al-kaline d e g r a d a t i o n  product. El
■fijC-Q-MP VSO H  H  methyl ester
86 _g§ _B§
« CH3 1*28 1.30 1.24
P CH3 1.68 1.65 1.70
3-H 4.40 4.30 _
CH2- 4.63 4.68 4.56
5-H 5.32(d)*(4.5) 5.39(d )*(2 .1) 5.09
6-H 5.96(d)*(4.5) 5 .1 9 ( d ) * ( 2 .1 ) 5.41
Phenyl 6.9 - 7.4 6.9 - 7.4 6.9 - 7.4
“ och3 - - 3.83
* J value 
@ 6 in ppm
+ 60 MHz, in D£0 (phosphate buffer)
These o b s e r v a t i o n s  and in p a r t i c u l a r  the 1 H n.m.r. c o u p ­
ling c o n s t a n t s  (J values) for H5 and H6 ( g i v i n g  c l e a r 
evidence of trans coupling) s t r o n g l y  s u g g e s t e d  that E1 
corresponded to 6 - e p j p e n i c i l l i n  V J3-sulphoxide. This 
conclusion was subsequently confirmed by x-ray crystallo­
graphy. (This w a s  c a r r i e d  out by Dr. D.J. W i l l i a m s  of 
Imperial C o l l e g e  of Science, U n i v e r s i t y  of London)., 
Figure 7 shows the skeletal conformation of the molecule 
indicating clearly the p-configuration of the C-6 proton.
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Treatment of E1 w i t h  d i a z o m e t h a n e  a f f o r d e d  the m e t h y l  
ester w h i c h  in its n.m.r. s h o w e d  i n v e r s i o n  of c h e m i c a l  
shift for 5-H and 6-H (Figure 6).
Based on this evidence, the f irst r e a c t i o n  of VSO in 
aqueous a l k a l i  wa s  c o n c e i v a b l y  i s o m e r i s a t i o n  to the 6- 
epimer. It has been stated^6 that the first proton to be 
abstracted by the base is that of the s e c o n d a r y  a m i d e  
function, a n d  t h a t  the p r o x i m i t y  of the r e s u l t i n g  
negative c h arge p r e v e n t s  the loss of a s e c o n d  p r o t o n  at 
carbon 6. Epimerisation promoted by BSA and DBN has been 
explained in the c o n t e x t  of the f o r m a t i o n  of an i n t e r ­
mediate silyl enol ether (70) or the enolate (71)*^
0-
SiMe
\
M e 3 S i O co2h
( 7 0 )
0-
SiMe^
C +
N+
BH 'O co2 h
(71)
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Other plausible mechanisms considered have included that 
of p e l i m i n a t i o n .  H o w e v e r ,  all these deal m a i n l y  w i t h  
mediation by organic bases.
An a l t e r n a t i v e  p a t h w a y  for the e p i m e r i s a t i o n  u n d e r  
aqueous c o n d i t i o n s  could i n v o l v e  i n t e r m e d i a t e  (72). 
However, attempts to trap this hypothetical intermediate 
using thiophenol have been thus far unsuccessful.
o -
H H I  
R  ^
0 ^ 7
N
5
4 3
(6.)
C O ^ H
R
0
OH
^ H
N
(72)
R=Ph0CH2C0NH
H H j
R
0
0 -
S+-
N
/
■‘C O ^
(66)
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XNTRODUCTION
I n c o n n e c t i o n  w i t h  the m a j o r  o b j e c t i v e  w h i c h  wa s  the 
examination of initial degradation products of penicillin 
V p - s u l p h o x i d e  (VSO) in p - l a c t a m a s e  and base, a p r o d u c t  
isolated after a prolonged period in phosphate buffer (pH 
7, 0.2M) s o l u t i o n  w a s  i n v e s t i g a t e d .  1 H n.m.r., mas s
spectroscopy, IR spectroscopy and microanalysis suggested 
this p r o d u c t  w a s  3 - p h e n o x y a c e t a m i d o - l - p h e n o x y a c e t y l -  
pyrrole (7*0«
o
H H H 
PhOCH2 C O N \ ,  -rsx
c o 2h
(6 )
pH 7 (34days)
H
P h O C H 2C O N \ _ _ _
+  other products
C0CH20Ph 
(74)
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In o r der to c o n f i r m  the s t r u c t u r e  of this c o m p o u n d ,  an 
attempt w a s  m a d e  to s y n t h e s i s e  it. The m e t h o d  e m p l o y e d  
was a d a p t e d  f r o m  that of C o r n f o r t h ' s l 46 r e q u i r i n g  s e l f ­
condensation of acetamidoacetaldehyde. The yield was low 
and t h e r e f o r e  p u r i f i c a t i o n  of the p r o d u c t  p r o v e d  very 
difficult. U s i n g  the c r u d e  m a t e r i a l  in d i r e c t  c o m p a r i -  
sion w i t h  the p r o d u c t  o b t a i n e d  f r o m  VSO h y d r o l y s i s ,  it 
was confirmed that the two compounds were identical.
RESULTS M U  DISCUSSION
3 .2 .1 isolation and. g.tr.ug.tur.aJ. .ohar.acter ia atIqjbl of 
the pyrrole derivative
The i n i t i a l  o b j e c t i v e  of the e x p e r i m e n t  c u l m i n a t i n g  in 
the d i s c o v e r y  of the p y r r o l e  d e r i v a t i v e  w a s  to e x a m i n e  
the final s t a b l e  d e g r a d a t i o n  p r o d u c t  of VSO in base (pH 
12) after a p e r i o d  of 20 hours. M o n i t o r i n g  by h.p.l.c. 
showed the e x p e c t e d  i n i t i a l  p r o d u c t s  and a f t e r  c h l o r o ­
form e x t r a c t i o n  (pH 12) th e  a q u e o u s  l a y e r  w a s  l e f t  
standing at r o o m  t e m p e r a t u r e  for 34 days at pH 7. A f t e r  
this time the solution was found to contain a mixture of 
a w h i t e  s o lid and a y e l l o w  s olid in s u s p e n s i o n .  The
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solids w e r e  s e p a r a t e d  by w a s h i n g  w i t h  c h l o r o f o r m  w h i c h  
dissolved the y e l l o w  solid but not the w h i t e  product. 
T.l.c. (silica gel GF 254, 0.25 mm, with C H C l ^ : (CH3 ) 2CO =
6:1 v/v) i n d i c a t e d  a s i n g l e  c o m p o n e n t  (Rf 0.17)* The 
white p r o d u c t  w a s  r e c o v e r e d  as an i n h o m o g e n e o u s  s o d i u m  
salt and w a s  p u r i f i e d  by d i s s o l v i n g  in m e t h a n o l  and 
adding a fe w  drops of g l a c i a l  a c e t i c  acid. W h e n  it 
dissolved completely t.l.c. indicated a single component
(Rf 0.56). On s t a n d i n g  at r o o m  t e m p e r a t u r e  the n e e d l e -  
shaped crystalline solid isolated (m.p. 139°C) was found
to c o n t a i n  only m i n o r  i m p u r i t y  as j u d g e d  by 1 H n.m.r. 
(Figure 8 ) (eg. s ignal at S 1.53). The i n f r a r e d  s p e c t r u m  
(Figure 9) was ver y  s h a r p  s u g g e s t i n g  the p r e s e n c e  of 
amide v i b r a t i o n  ( 1 6 8 0  a n d  1 6 6 5  c m " ^ ) a n d  p r o b a b l y  
carbonyl (1724 cm-l) from an impurity. Its mass spectrum 
(Figure 10) e x h i b i t e d  a m o l e c u l a r  ion at m/z. 350. In 
conjunction w i t h  m i c r o a n a 1 y s i s  d a ta, th e  m o l e c u l a r
formula was determined to be 020^18^2^4*
83
CH CH
CH
CHCH
NH
236
5 ppm.
Figure 8 : 90 MHz 1H n.m.r. spectrum of 3-phenoxyacetamido 
-1-phenoxyacetylpyrrole isolated from VSO 
hydrolysis (CDClg)
_LJLX XJL XxXXJ.Xx XX
wavenumber ( x 100cm )
Figure 9 : IR spectrum of 3-phenoxyacetamido-1-phen o x y ­
acetylpyrrole isolated from hydrolysis (KBr disc)
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3,.t.2.t2. Sjfl.t.h.gigJL9. jeX 3-Phenoxyacetamido-1-Dhenoxyacetyl- 
j&yrrole
For s y n t h e s i s  of the c o m p o u n d ,  C o r n f o r t h ' s  m e t h o d  for 
preparing 3 - a c e t a m i d o - 1- a c e t y l p y r r o l e  f r o m  a c e t a m i d o -  
acetaldehyde was adapted. 1^6 Phenoxyacetamidoacetal was
prepared from the reaction of phenoxyacetylchloride and 
aminoacetaldehyde acetal in aqueous base using the condi­
tions of the Schotten-Baumann reaction. The product was 
then t r e a t e d  w i t h  a hot, s l i g h t l y  a l k a l i n e  a q u e o u s  
solution. Self-condensation of phenoxyacetamidoaldehyde 
(penilloaldehyde) took place but the r e s u l t i n g  y i e l d  wa s  
very poor (6%). P h e n o x y a c e  tic acid w a s  f o u n d  to be the 
major product. The s y n t h e t i c  p y r r o l e  d e r i v a t i v e  w a s
purified by p r e p a r a t i v e  t.l.c. and c o m p a r e d  w i t h  the 
product o b t a i n e d  f r o m  VSO h y d r o l y s i s .  T h o u g h  o n l y  a 
small a m o u n t  w a s  a v a ilable, the c o m p o u n d  w a s  a n a l y s e d  
using m i x e d  m e l t i n g  point (m.p. of p r e p a r e d  c o m p o u n d ,  
136°C, m.p. not de pressed), t.l.c., m a s s  s p e c t r o m e t r y  
(Figure 11) and 1H n.m.r. (Figure 12) and it w a s  c o n ­
cluded that the p r e p a r e d  c o m p o u n d ,  a l t h o u g h  still c o n ­
taining some minor impurities, was 3-p h e n o x y a c e t a m i d o - 1 - 
phenoxyacetylpyrrole. F i g u r e  12, the n.m.r. s p e c t r u m ,  
showed all the s i g n a l s  for the p y r r o l e  d e r i v a t i v e  as w e l l  
as three other signals, unrelated to the pyrrole d eriva­
tive (deduced f r o m  the i n t e gral) at 8 3*5, 1.5 and 1.25.
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The finding, that a pyrrole derivative could be isolated 
from VSO hydrolysis, though not altogether surprising has 
not been reported before. Under mild alkali, penicillin 
sulphoxide undergoes epimerisation.26 Prolonged treat­
ment leading to penilloaldehyde might be predicted but 
self-condensation l e a d i n g  to the p y r r o l e  d e r i v a t i v e  was  
unexpected.
Penilloaldehyde m a y  for m  an e n o l a t e  a n i o n  by r e m o v a l  of 
anot-hydrogen substituent by base, characteristic of the 
first step in aldol addition reactions, Scheme 7.
PhOCH?CONH
i - ^ i
HO" +  CH2 
I
CHO
PhOCH 2 C0NH PhOCH2CONH
;CH < ------ >
I
CHO
CH
II
CH
I
0
Scheme 7 : Formation of the enolate anion by base
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When the molecules come into juxtaposition the anion may
be free to attack the carbonyl bond. From consideration
of the two r e s o n a n c e  f o r m s  of the e n o l a t e  a n i o n  it is
possible that a d d i t i o n  m a y  take pl ace by e i t h e r  of two
mechanisms. The a n i o n  could c o n c e i v a b l y  a t t a c k  to f o r m
either a c a r b o n - c a r b o n  ( S c h e m e  8), or a c a r b o n - o x y g e n
bond ( S c h e m e  9)« P r o d u c t  f o r m a t i o n  via S c h e m e  9 may be
mechanistically r e a s o n a b l e  but it m a y  be less f e a s i b l e
thermodynamically. The e q u i l i b r i u m  c o n s t a n t  for m o s t
aldehydes is f a v o u r a b l e  for aldol add ition. S c h e m e  8
illustrates the c o n d e n s a t i o n  of p e n i l l o a l d e h y d e  via the
aldol adduct (75) giving 3 - p h e n o x y a c e t a m i d o - 1- p h e n o x y -
acetylpyrrole (7*0 w h i c h  b e c o m e s  p u r p l e  on a d d i t i o n  of
1117
E h r l i c h fs reagent. '
89
PhOCH
Scheme
PhOCH9 C0NH
2 I
CH CH = 0
CHO CH, /  2 
N H  
X COCH2OPh
/
?CONH PhOCH^CONH
CH— CH — 0 H -j- C ------ CH — OH
1 I w
CH CH2 ► .CH C\V— H
i
( 75) \ o C H 2OPh COCH2OPh
( ^ 0  :N H  H O ^ j
PhOCH2 CONH
/
C CH
II
CH CH 
I 
COCH2OPh 
( 7 4 )
8 : Mechanism for the formation of the substituted 
pyrrole (7*0 from 2 molecules of penilloaldehyde
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Scheme 9
PhOCH2 CONH
CH
II
CH
l ^ x
0“ CH =  0
CH2 — N H — C0CH20Ph
1
PhOCHoCONH
2 I
CH
II
CH
0 —  CH —  0
I
CH2— NH—  C0CH20Ph
i
PhOCH2 CONH
CH
II
CH
0 — CH— OH
I
CH2 — NH— C0CH2 0Ph
Possible carbonyl addition of the enolate anion
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C O M P A R I S O N S  THE ALKALINE AND ENZYMIC 
DEGRADATIONS OF PEHICILLIH ¥ WITH THOSE OF 
ITS-. J*,AND /g-SPLPHOXIDES
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J U 1  INTRODUCTION
The modes of enzymic and basic hydrolyses of penicillin V 
(3), penicillin V JB-sulphoxide (VSO) (6), penicillin V 
sulphoxide (101) and 6-eDipenioillin V p-sulphoxide (66) 
have been investigated. High performance liquid c h r o m a t o ­
graphy (h.p.l.c.) in c o n j u n c t i o n  w i t h  p r o t o n  n.m.r. 
spectroscopy w e r e  us ed to f o l l o w  the c o u r s e  of th ese 
degradations, close attention being given in the initial 
s t a g e s .
H H H
0
H H H T 
R N v !  I ^ S
2
(3) (6 )
0
H H H i
0
H H H T
(101) (66)
R = PhOCH2 cO
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The major findings discussed in the text are outlined as
f o l l o w s :
1) There were no differences in products formed when 
penicillin V was degraded by alkali or p-lactamase 
Type I and Type II.
2) In the degradation of the sulphoxide, available evi­
dence suggested a difference in the products formed 
upon a l k a l i n e  and e n z y m i c  d e g r a d a t i o n .  A l k a l i n e  
conditions led to the f o r m a t i o n  of 6 - e p i m e r  w h e r e a s  
the enzyme did not.
3) Penicillin V oc-sulphoxide was extremely susceptible 
to both alkaline and enzymic degradation, d e c o m p o s ­
ing at a rate of at least twice that observed for 
penicillin V or its ^-sulphoxide.
4) The 6 - e p i m e r  of VSO d e g r a d e d  s l o w l y  in a l k a l i  but not 
at all under the influence of p- lactamase suggesting 
an absolute stereospecific requirement for the 6R- 
configuration in enzyme-susceptible substrates.
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4.2. RESULTS M £  DISCUSSIOK
4.2.1 Degradation in aqueous alkali monitored bv 
h .p .1.
It is known that benzylpenicillin (61) can be hydrolysed 
to b e n z y l p e n i c i l l o i c  acid (76) in a q u e o u s  s o d i u m  h y d r o ­
xide solution (pH 12) at ambient temperature.4.
H H H 
PhCH2 C 0 N x |  : / S
0
rrY
N
(61)
■H
co2h
pH 12 
NaOH
H H H
PhCH2 C0N 1/ X
A h n
0  OH 
(76 )
'H
c o 2h
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Epimerisation at the C-6 p o s i t i o n  of h e t a c i l l i n  u n der  
similar r e a c t i o n  c o n d i t i o n s  has a l r e a d y  been d i s c u s s e d  
(cf pg. 8). In t h e  p r e s e n t  s e r i e s  of e x p e r i m e n t s  
reversed-phase h.p.l.c. w a s  used to m o n i t o r  the d e g r a d a ­
tion of p e n i c i l l i n  V and its s u l p h o x i d e s  in a l k a l i  (pH 
12). P e n i c i l l i n  V c o n s i s t e n t l y  f o r m e d  a s i n g l e  i n i t i a l  
product s u b s e q u e n t l y  i d e n t i f i e d  as p e n i c i l l o i c  acid 
(Figure 13)» whilst VS0 gave 6 - epjpenicillin p-sulphoxide 
as the first major product of degradation together with
three minor products, P1, P2 and P3, two of which, P2 and
(figure. 14-)
P3 were observed as the major products after 45 minutes.^ 
At this time, no s t a r t i n g  m a t e r i a l  (VSO) or 6 - e p i VSO 
remained. P e n i c i l l i n  V oc-sulphoxide d e c o m p o s e d  very  
quickly in a q u e o u s  s o d i u m  h y d r o x i d e  (Figure 15) u n l i k e  
the 6-epimer of the p-sulphoxide, which was degraded only 
relatively slowly, f o r m i n g  p r o d u c t s  (Figure 16) w h i c h  
were not i n v e s t i g a t e d  f u r t h e r  due to i n s u f f i c i e n t  time. 
It s e e m s  clear fro m  F i g u r e  14 and 15 that the d e g r a d a t i o n  
products of the oc- and j3- s u l p h o x i d e  d i f f e r e d  both in 
their c h e m i c a l  na t u r e  and r a tes of f o r m a t i o n .  This w a s  
further i n v e s t i g a t e d  in an n.m.r. study (.qX  Pg- 101). It 
would a p p e a r  that the m a j o r  p r o d u c t  of VSO d e g r a d a t i o n  
was its 6-epimer, which then undergoes further d egrada­
tion. It w a s  not p o s s i b l e  to d i r e c t l y  c o m p a r e  the d e c o m ­
position p r o d u c t s  s h o w n  in F i g u r e s  14 and 16 s i n c e  it 
could not be chromatographed on identical columns.
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Degradation of the sulphoxide also proceeded at a much 
higher rate in comparison with the |3-sulphoxide, which in 
turn h y d r o l y s e d  at a p p r o x i m a t e l y  the s a m e  rate as p e n i ­
cillin V. F o l l o w i n g  a l k a l i n e  t r e a t m e n t  of th ese p e n i ­
cillin d e r i v a t i v e s  and r e c o v e r y  of the p r e c i p i t a t e d  
product f o r m e d  a f t e r  a c i d i f i c a t i o n ,  p e n i c i l l i n  V gave 
rise to only p e n i c i l l o i c  acid (84$ yield) w h i l e  the p- 
sulphoxide epimerised in 80$ yield after five minutes at 
pH 12. Penicillin V o^-sulphoxide similarly gave a preci­
pitate on acidification of the alkaline reaction mixture; 
this q u i c k l y  d i s s o l v e d  g i v i n g  rise to a c lear solution, 
in c o n t r a s t  to 6 - e p i p e n i c i l l i n  V ^ - s u l p h o x i d e  which, 
yielded only u n c h a n g e d  s t a r t i n g  m a t e rial. The i n t e r ­
mediate i n s o l u b l e  p r o d u c t  f o r m e d  f r o m  the o ( -sulphoxide 
ma^/be its 6 - e p i m e r  or a l t e r n a t i v e l y  a p e n i c i l l o i c  acid 
sulphoxide which then undergoes further decomposition to 
soluble products.
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Pen. V
penicilloic acid
injection
8 2 0
time (m in s .)
Figure 13 : H.p.l.c. profile of penicillin V hydrolysis 
at pH 12 after 1 minute reaction time
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injection
2 min:
6epiVS0
5 min.
45 min.
jL
15 10 5 0
time (mins.)
Figure 14 : H.p.l.c. profile of VSO hydrolysis at pH 12 
after 2, 5 and 45 minutes reaction time
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6-egiVSO
injection
min.
20min.
jx
cx-VSO
injection
1 min.
8 min..
jx
10 5 0 10 5 0
time (m in s .) j-jme ( m ins .)
Figure 15 Figure 16
Figure 15 : H.p.l.c. profile of penicillin V 
oc-sulphoxide hydrolysis at pH 12 
after 1 and 8 minutes reaction time
Figure 16 : H.p.l.c. profile of 6 - epiVSO h y d r o ­
lysis at pH 12 after 1 and 20 minutes 
reaction time
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■ft-.Zs2 JP.SKE.adetiQft ifl Aflneg.u? alkali .as. observed bjr
1H j u j u e *. spectoscopy
Proton n.m.r. w a s  f ound to be a u s e f u l  tool for d i r e c t l y  
following the d e g r a d a t i o n  of p e n i c i l l i n  and its s u l p h -  
oxides. The phosphate buffer reaction medium was prepared 
in deuterated water and the pH adjusted with proton-free 
acid or alkali. D e u t e r a t e d  s o d i u m  h y d r o x i d e  w a s  then 
used to adjust the solution to an alkaline pH.
The p r o d u c t  of b e n z y l p e n i c i l l i n  ( p e n i c i l l i n  G) d e g r a ­
dation in a q u e o u s  s o l u t i o n  at pH 7.5 has p r e v i o u s l y  be en 
identified as D-benzylpenicilloic acid and shown to be a 
mixture of its d i a s t e r e o i s o m e r s . ^  In c o n t r a s t  to the 
alkaline h y d r o l y s i s  of p h e n o x y m e t h y l p e n i c i l l i n  ( p e n i ­
cillin V) w h i c h  w a s  c o n v e r t e d  to its p e n i c i l l o i c  acid 
without epimersation.
N.m.r. s p e c t r a  of the p r o g r e s s i v e  d e g r a d a t i o n  of p e n i ­
cillin V p - s u l p o x i d e  (VSO) s u g g e s t e d  its m a j o r  i n i t i a l  
product was the C - 6 - e p i m e r  (Figure 2, 25 m i n u t e s ,  pg.
65). All the expected signals, including the 5-H proton, 
were observed (signals labelled a), with the exception of 
the C-6/proton (Table IV) w h i c h  ma y  have u n d e r g o n e  e x ­
change with D 2° during the process of epimerisation. The 
5-H and 6-H proton of pure 6 - epiVSO are normally observed 
at 8 5.39 and S 5.19 r e s p e c t i v e l y  c_f F i g u r e  5, pg. 7 ^ .
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AwjlL__A.
iCH 1.68
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Figure 2 : 90 MHz 1H n.m.r. spectra of the progressive 
hydrolysis of VSO at pH 12 (D2 o)
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Figure 17 i 90 MH z  1 h n.m.r. s p e c t r a  of the p r o g r e s s i v e  
hydrolysis of penicillin V cx-sulphoxide at 
pH 12 (D20)
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The degradation of the oc-sulphoxide was also monitored by 
n.m.r. (Figure 17) and on comparison with Figure 2, it is 
apparent that the oc-sulphoxide hydrolysed at least twice 
as fast as the p - e p i m e r .  In the d e g r a d a t i o n  of the J3- 
sulphoxide (Fig ure 2) the m a j o r  i n i t i a l  p r o d u c t  c o r r e s ­
ponded to its 6 - e p i m e r  (signals l a b e l l e d  a t a k e n  a f t e r  
25 minutes); two other sets of methyl signals (labelled b 
and c) i m p l i e d  the p r o d u c t i o n  of two i n i t i a l l y  m i n o r  
products w h i c h  i n c r e a s e d  in c o n c e n t r a t i o n  w i t h  the p r o ­
gression of tim e  (Table IV). This r e s u l t  w a s  c o n s i s t e n t  
with the f i n d i n g s  f r o m  the h.p.l.c. studies, w h e r e  the 
degradation of VSO (Figure 1*1) p r o d u c e d  its 6 - e p i m e r  as 
the i n i t i a l  p r o d u c t  w i t h  two m i n o r  p r o d u c t s  P2 and P3 
increasing in concentration with time.
The degradation of the oc-sulphoxide (Figure 17) however, 
showed a more complicated n.m.r. spectrum giving possibly 
2 or 3 i n i t i a l  p r o d u c t s  w h i c h  d e g r a d e d  s p o n t a n e o u s l y  as 
other s i g n a l s  appeared. The s p e c t r u m  at *13 m i n u t e s  
suggests a complicated mixture of products,possibly with
v.
two major components whose cx- and jB- methyl signals are 
equivalent, c o n s i s t e n t  w i t h  c l e a v a g e  of S1 - C 5
bond . The full i m p l i c a t i o n  of these d a t a w a s  not 
fully e x p l o r e d  due to the c o m p l i c a t e d  n a t u r e  of the 
solution and other priorities in this project.
104
In v i e w  of rapid rate of d e g r a d a t i o n  of the s u l p h o x i d e  
and the r e s u l t a n t  c o m p l e x i t y  of the m i x t u r e ,  it w a s  not 
possible to show that the corresponding 6-epimerisation 
took place; in c o n t r a s t  to the p - s u l p h o x i d e  d e g r a d a t i o n  
spectra, there w a s  no e v i d e n c e  for D 2 0 e x c h a n g e  of the 6 
proton.
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TABLE IV : Proton magnetio resonance dataP of penicillin 
oc- and p-sulphoxide in alkali
Penicillin V p- 
sulphoxideb
J?
1 .27 (<XCH3 )
1.68 (j3CH3 )
4.42 (3-H)
4.62 (CH2-)m
5.32(d)(5-H)*(4.5) 1 .6 5e (pCH3 ) 4.92(d)(5-H) 1 .47f (pCH3 )
5 . 9 8(d)(6-H)*(4.5) 1.6 7 b 5.42(d)(6-H) 1.48
4.30©(3-H) 1.58
4.40b 1.6 7 a
4.63b 3.43 f
4 .68e(CH2 ~) 3*72
5.32b 4.3 0 a
5.3 2 e (5-H) 4.41
5.98(d )b 4.7 5a
4 . 92a
5.42a
p - in parts per million
b - original penicillin V p-sulphoxide signals
e - 6-epimer signals
a - original penicillin V cx-sulphoxide signals
f - major initial product, probably the 6-epimer 
* - J values in Hertz
m- C H 2r e f e r s  to the m e t h y l e n e  p r o t o n s  in the 
phenoxymethyl penicillin side chain
In alkali In alkali
16 mins Penicillin V (X- 4 mins
sulphoxide5
i  JL
0.88 1.32 («ch3 ) 0.90
1.27b 1.67 (pCH3 ) 1. 22f (<xCH3 )
1.30e(ftcH3 ) 4.28 (3-H) 1.32a
1 .47 4.73 (CH2 )m 1 •42
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JL«j2.3 P-Oftradatlpn gtMdleg .with p-laetamase Type JL 
monitored bjt h.p.l.c^
Penicillin V gav e  p e n i c i l l o i c  ac id as the sole i n i t i a l  
product in the presence of 0.01? w/v p-lactamase Type I 
(Figure 18). H o w e v e r ,  p r o g r e s s i v e l y  l o n g e r  r e a c t i o n  
periods resulted in further degradation.
penicillin V
penicilloic acid injection
40 secs.
12 min.
25  min.
xt
6 4 2 0
time (mins.)
Figure 18 : H.p.l.c. profile of penicillin V degradation 
by p-lactamase Type I after 40 seconds, 12 
and 25 minutes incubation at 24°C
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Treatment of VSO with p-laetamase gave an initial product 
(POS) with shorter retention time than that observed for 
the starting sulphoxide (Figure 19). On prolonged treat­
ment, two o t her c o m p o n e n t s  a p p e a r e d  as the i n i t i a l  
product (POS) degraded. W h e n  the pH of the e n z y m e -  
treated s o l u t i o n  wa s  r a i s e d  f r o m  7 to 12 w i t h  base no new 
degradation p r o d u c t s  w e r e  f o r m e d ,  n e i t h e r  w a s  C-6 
epimerisation observed.
V S O
injection
1 min.
P O S
10 min.
40 min.
65 min.
110 min.
5 01025
time (m ins.)
Figure 19 : H.p.l.c. p r o f i l e  of VSO d e g r a d a t i o n  by p-
lactamase Type I a f t e r  1, 10, 40, 65, 110
minutes incubation at 24 ° C
ioa
Degradation of penicillin V o(-sulphoxide by ^-lactamase 
yielded similar products to those observed in the degra­
dation of the - s ulphoxide, with the exception of one 
less polar compound resulting from the (X-sulphoxide .
The major initial product formed,
Pof, even after 2 minutes 
(Figure 20) was found to 
be indistinguishable from 
POS, the initial product 
of VSO (Figure 19) on 
peak enhancement using 
a sample from the VSO 
sample treated with |3- 
lactamase. Again it was 
observed that the rate 
of degradation under the 
same conditions was much 
higher than that of its 
-sulphoxide and the 
starting material had 
completely degraded by 
5 minutes .
Figure 20
ocVSO injection
2 min.
4 min.
12 min.
L
20 10
time (m ins.
H.p.l.c. profile of penicillin 
V o(-sulphoxide (c<VS0) degr a d a ­
tion by ^-lactamase Type I 
after 2, 4 and 12 minutes 
incubation at 24°C
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It can be seen (££ F i g u r e  21) that 6 - e p j p e n i c i l l i n  V p- 
sulphoxide w a s  not d e g r a d e d  by p - l a c t a m a s e ,  in c o n t r a s t  
to both <x- and p-sulphoxide. Penicillin V was degraded 
at a b out the s a m e  rate as its p - s u l p h o x i d e  w h e r e a s  
hydrolysis of the cx-sulphoxide occurred more rapidly.
6 ep iV S 0
ection
2 min.
4 min.
15 min.
L f » ■■-*
1° , 5 . 0tim e (m in s .)
Figure 21 : H.p.l.c. profile of 6 - epjpenicillin V p-
sulphoxide C6epiVS0) degradation by p-lacta- 
mase T y p e  I a f t e r  2, 4 an d  15 m i n u t e s  
incubation at 24°£.
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.4. Degradations aXXU p-lactamase .Xyjpe JE Qt9.ery.e_d i x  
1H n.m.r. spectroscopy.
As d e m o n s t r a t e d  t h r o u g h  h.p.l.c., p e n i c i l l i n  V y i e l d e d  
penicilloic acid in the presence of p-lactamase. Figure 
22 s h o w s  that p e n i c i l l o i c  acid w a s  the only p r o d u c t  
formed after 30 minutes of incubation. Beyond this time 
penicilloic acid degraded further to give other products 
which were not identified.
VSO also appeared to be initially degraded by p-lactamase 
Type I yielding a single product (POS) after 10 minutes 
(Figure 23, Table V). The signals corresponding to this 
product (labelled with superscript i) resembled those of 
the i n i t i a l  p r o d u c t  f o r m e d  on d e g r a d a t i o n  of the oc- 
sulphoxide (Figure 2H, Table V).
19 hrs.
j4.5 hrs
31 mins
6 mins.
10 9 8 1 0 S ppm
Figure 22 : 60 MHz 1H n.m.r. s p e c t r a  of the p r o g r e s s i v e
degradation of p e n i c i l l i n  V by p - l a c t a m a s e
Type I at pH 7 (D2°) incubated at 2M°C
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60 mins. L u J
/
X ' C H
8 7 6 5 4 3 2 1
*0 p p m
Figure 23 i 90 M H z  1h n.m.r.spectra of the p r o g r e s s i v e
degradation of VSO by p - l a c t a m a s e  Typ e  I at
pH 7 (^20) incubated at 24°C
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qc- and £ -sulphoxide in 3-lactamase Type 'I..
..........r"
-lactamase I
1
p-lactamase I
.Penicillin V jB-
treatment 
7 mins Penicillin V fic-
treatment 
4 mins.
sulDhoxideb
6 8
sulphoxidea
6 S
1.2 8 (ofCH3 ) 0 . 92i 1.29 UXCH3 ) 0 .9 1
1.68 ^ C H 3 ) 1.15(d) 1.66 (JBCH3 ) 1 .13 (d)
4.40 (3-H) 1.30 (d) 4.27 (3-H) 1 .33a
4.63 (CH2_)m 1 . 30b 4.72(CH2-)m 1 .4 8 i
5.32(d)(5-H)*(4.5) 1 .1)8* 4.92(d)(5-H)*(3.6) 1 .6 8 a
5 . 96(d )(6-H)*(4.5) 1 .7 2b 5 .42(d )(6-H)*(3*6)
00•
on
3-T2i
4.17i(d)*(1t .2 )
3 .71 i
4.l8(d)i*(4.2
U.*l3b 
4 .70i
5.06(d)i*(4
5.3 6 (d)b 
6 .0 1 (d)b
.2)
4 .771
5.06i(d)*(4.2
p - 
b -
i - 
a - 
# _
m -
in part per million-
original penicillin V p-sulphoxide signals 
initial product
original penicillin V tx-sulphoxide signals 
J values in Hertz
CH2 refers to the methylene protons in the 
phenoxymethyl penicillin side chain
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In the case of the oc-sulphoxide e n z y m i c  d e g r a d a t i o n  
(Figure 2 4) howev e r ,  d e g r a d a t i o n  w a s  rapid (as w a s  also 
observed w i t h  the alkali) and c o n v e r s i o n  to the i n i t i a l  
product wa s  c o m p l e t e  w i t h i n  4 minutes. This p r o d u c t  
remained stable for 30 minutes and its subsequent degra­
dation pattern was closely similar to that of the initial 
degradation product from the jB-sulphoxide.
iL».215 Degrafla_tj-.pq p-JtftQtamflse. Type 11
On the whole, p-lactamase Type II degraded penicillins at 
a rate approximately 20 times slower than an equivalent 
concentration of Type I. The overall final products were 
however s i m i l a r  to those f o r m e d  on Type I d e g r a d a t i o n .  
Penicillin V gave the e x p e c t e d  s i g n a l s  o b s e r v e d  by 1H 
n.m.r. (Figure 25) for p e n i c i l l o i c  ac id a f t e r  a l m o s t  3 
hours but unchanged penicillin V was still present after 
20 hours. P e n i c i l l i n  V OC-s ulphoxide w a s  s t i l l  the 
fastest to be degraded and 6-epipenicillin V p- sulphoxide 
again proved to be resistant to this enzyme (Figure 26).
1 1 5
24  h rs . (turbid)
l.61 m ins.
55 m ins.
49  mins.
46  mins.
37 mins.
28 mins.
,19 mins.
10 mins.
7 mins.
4 mins.
3-H6-Hblank
5 14 07 68 3 210 9
6  p p m
Figure 24 : 90 MH z  1 h n.m.r.spectra of the p r o g r e s s i v e
degradation of o(VS0 by jB-lactamase Typ e  I at
pH 7 (DgO) incubated at 24°C
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Comparing the 2 minute degradations by p-lactamase Type 
I and II (Figures 27 and 26 r e s p e c t i v e l y ) ,  the d i f f e ­
rences in th eir rate of r e a c t i o n  w e r e  m o s t  p r o m i n e n t .  
However, looking at the chromatograms of the p-lactamase 
Type I and a l k a l i  d e g r a d a t i o n  (Fig ure 28) of VSO, the oc-
sulphoxide and the 6 - e p i m e r  of VSO, s o m e  m a j o r  d i f f e ­
rences m a y  be noted. In alkali, VSO s h o w e d  its m a j o r  
product to be its 6 - e p i m e r  but at least 3 o t her pe aks ma y  
represent 3 other components. This, however, was not the 
case in the p - l a c t a m a s e  Type I d e g r a d a t i o n ,  w h i c h  gave 
only one m a j o r  product. This m a y  or m a y  not be one of
the components presents in the alkali degradation.
Polarimetric s t u d i e s  of VSO d e g r a d a t i o n  in p - l a c t a m a s e s  
revealed a l i n e a r  r e l a t i o n s h i p  b e t w e e n  its rot a t i o n ,  ot, 
and time. This is s i g n i f i c a n t l y  d i f f e r e n t  f r o m  that 
found in the alkali hydrolysis which showed rapid initial 
degradation followed by smaller changes in o< (Figure 29).
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Figure 25 : 60 MHz n.m.r. spectra of the progressive
degradation of p e n i c i l l i n  V by p - l a c t a m a s e
Type II at pH 7 (D2 0 ) i n c u b a t e d  at 24° C
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injectioninjection
ex VSOcxVSO
6epiVS0
jXXL
6epiVSQ
15 10 5
figure 26
0 15 10 5 0
time ( mins.) 
f igure 27
H.p.l.c. p r o f i l e  of (1) VSO (2)c<VS0 and (3) 6 e p i VSO 
degradation (after 2 minutes incubation at 24°C) by: 
i) Figure 26 : p-lactamase Type II 
ii) Figure 27 : p-lactamase Type I
1 1 9
6epiVS0
JJ. JL
VSO 
( 1).. in jection
(3)
,L J
15 10 5 0 .. , . , 15 10 5
Time (mins.)
figure 28A figure 28B
Figure 28 : H.p.l.c. p r o f i l e  of (1) VSO (2) oCVSO and (3) 
6 epiVSO degradation by (A) p-lactamase Type I 
after l\ m i n u t e s  and (B) N a O H  (pH 12) a f t e r  1 
minute reaction time
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In the co u r s e  of i n v e s t i g a t i n g  the e f f e c t s  of pH on p- 
lactamase d e g r a d a t i o n  of VSO, a l k a l i  was a d d e d  to the 
VSO-enzyme m i x t u r e  after 16 m i n u t e s  of reaction. The 
initial p r o d u c t  of p - l a c t a m a s e  d e g r a d a t i o n  of VSO was 
found to be st a b l e  in a l k a l i  (Figure 30) and no 6 - e p i m e r  
was formed subsequently.
control
cn
ai
“ 0.6
time (mins.)
Figure 29 : Change of rotation, o(, with time during:
(1) VSO hydrolysis in NaOH (pH 12)
(2) VSO degradation by p-lactamase Type I
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pH7; 16mins. L7
pH7, 10mins.
pH 7, 4 mins.
CH
CH c<CH
3-H6-H 5-1
Blank
0149
s ppm
Figure 30 : 90 MHz 1H n.m.r. s p e c t r a  of the p r o g r e s s i v e  
degradation of VSO by p - l a c t a m a s e  T y p e  I at 
pH 7 (D2 o ) incubated at 24°C up to 16 minutes 
followed by a d d i t i o n  of NaOD (2M) to pH1 2  
and subsequent progress
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4.2.6 Periodate oxidation <*£ penieilloic acid
Because the initial degradation products of penicillin V 
(X- and jB-sulphoxide by ^ - l a c t a m a s e  had ver y  s i m i l a r  
signals i n d i c a t e d  in 1 h n.m.r. studies, p e n i e i l l o i c  acid 
was o x i d i s e d  by s o d i u m  m e t a p e r i o d a t e  in p r o t o n - f r e e  
solvent and its r e a c t i o n  w a s  m o n i t o r e d  by n.m.r. (Figure  
31). This study attempted to discern whether the initial 
product, (POS), could be the s u l p h o x i d e  of the a p p r o ­
priate penieilloic acid.
Examination by n.m.r. of the d e g r a d a t i o n  of p e n i c i l l i n  V 
0(- and jB-sulphoxide by p - l a c t a m a s e  s h o w e d  that the 
signals for POS (labelled i) were clearly distinguishable 
from the signals in the mixture of products (see Figures 
23 and 24). The c ommon resonances determined from these 
degradations are shown in Table VI.
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Figure 31 J 90 MHz 1H n.m.r. spectra of the progressive
oxidation of p e n i e i l l o i c  acid (of VSO) by
potassium periodate at pH 7 (D2 ®)
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Table VI : Proton magnetic resonance dataP of the degra­
dation product (POS) and that from the oxida­
tion of penieilloic acid of penicillin V (poa)
POS poa Maior poa oxidation
0 .90
1 .48 
3.71
1 .27 
1 .55 
3.55
4 . 17(d)*(4 .1) 4.50(d )*(6 .0)
4.70 4.70
5. 05(d)*(4.1) 5.13(d)*(6.0)
0 .92
1 . 4 8
3.72
4.18(d)*(4.2)
4.73
5.07(d)*(4.2)
p - in parts per million 
* - J values in Hertz.
POS w a s  found to be acid l a b i l e  since its s i g n a l s  w e r e  
not .'..detected in the chloroform extract following a c idi­
fication. Instead, three singlets and the phenyl multi- 
plet could be se en in the n.m.r. s p e c t r u m  ( F i g u r e  32). 
Attempts using various methods to isolate POS were u n s u c ­
cessful .
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One p o s s i b l e  s t r u c t u r e  for POS could be that of peni- 
cilloic acid sulphoxide (78). (stereochemistry not deter­
mined) However, since both the oc- and ^B-sulphoxide gave 
the s a m e  s i g n a l s  as w e l l  as the p r o d u c t  of p e n i e i l l o i c  
acid oxidation, it may be possible that one configuration 
is s t a b l e  and the o t h e r  is unstable. Thus a c o m p o u n d  
existing as the u n s t a b l e  i s o m e r  r e v e r t s  to the s t a b l e  one 
giving only one set of signals. The o x i d a t i o n  of peni- 
cilloic acid did not giv e  a m i x t u r e  of d i a s t e r e o i s o m e r s  
as j u d g e d  by 1 h n.m.r., s u g g e s t i n g  only one i s o m e r  was 
formed.
o-
H I.
C6 H 5 O C H 2 CQm
.+
(7 8  )
1 27
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STREPTOMYCES VBNEZP ELAE FILTRATES AND ^ - L A C T A M A S E
TYPE I FROM BACILLUS CEREPS
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INTRODUCTION
The metabolic transformation of penicillin V JB-sulphoxide 
(VSO) which was previously shown to take place on incuba­
tion w i t h  S t r e p t o m yces v e n e z u e l a e 73 has bee n  c o m p a r e d  
with the degradation effected by p-lactamase Type I from 
Bacillus o e r e u s . VSO (6) has been r e p o r t e d  to u n d e r g o  a 
novel transformation by various bacteria (e.g., Bacillus 
megaterium and S t r e p t o m yces v e n e z u e l a e ) l e a d i n g  to an 
unstable m e t a b o l i t e  (PSM)73 (51) w h i c h  on s e q u e n t i a l  
treatment with acetyl chloride and diazomethane yielded
an e s t e r ,  0 2 6 ^ 2 9 ^ 7 ^ 3 ^ *  m.p. 1 7 ^ ° C  (52). T h e  e s t e r
(SVYMe) was a s s i g n e d  the 1 , 4 - d i h y d r o t h i a z i n e  s t r u c t u r e  
(52) initially based on spectroscopic analysis which was 
subsequently c o n f i r m e d  by X - r a y  c r y s t a 1 1 o g r a p h i c  
studies.^ 8  a p r o v i s i o n a l  s t r u c t u r e  for PSM (51) wa s  
deduced f r o m  the s t r u c t u r e  of the e s ter t o g e t h e r  w i t h  
spectroscopic and d e g r a d a t i v e  data. An i n i t i a l  i n t e r ­
pretation of this t r a n s f o r m a t i o n  e n t a i l e d  an i n t e r -  
molecular reaction of two molecules of (6) requiring the 
hydrolysis of both penam N(4) - 0(7) bonds and one C(5) 
- C(6) bond. A f e a s i b l e  p a t h w a y  for the rin g  e x p a n ­
sion of (51) to (52) i n v o l v e s  the f o r m a t i o n  of the 
sulphenic acid (79) c o r r e s p o n d i n g  to the p e n i c i l l e n i c  
acid (80) w i t h  loss of C O 2 .
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X R 1 R2
(79) SOH PhOCH2 Ph0C H 2C 0N H C H 2 C0
(80) SH PhCH2 H
An analogous transformation of (6) to a 2 H - 1 ,4-thiazinium 
chloride (OR) is observed on treatment with phenylacetyl 
chloride in a c e t o n e  in the p r e s e n c e  of air. This y i e l d e d  
an o r a n g e  c r y s t a l l i n e  product, the s t r u c t u r e  (33) of 
which w a s  e s t a b l i s h e d  by X - r a y  c r y s t a 1 1 o g r a p h i c  
analysis.1*2 OR e x h i b i t e d  u n u s u a l  r e a c t i v i t y  and w i t h  
ethereal d i a z o m e t h a n e  f o r m i n g  a c o l o u r l e s s  c r y s t a l l i n e  
derivative (ORMe) (87)*
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Oxidative degradation of VSO in acetone
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5-mZ  RESULTS M £  DISCUSSION
£.2.1 Conversion .gf VSO i o  SVYMe
In p a r a l l e l  e x p e r i m e n t s ,  VSO w a s  i n c u b a t e d  w i t h  (i) 
Streptomyces v e n e z u e l a e  c u l t u r e  f i l t r a t e  and (ii) p- 
lactamase f r o m  B a c i l l u s  c ereu s in p h o s p h a t e  buffer. 
After 30 minut e s ,  both s o l u t i o n s  w e r e  a c i d i f i e d  and 
extracted into c h l o r o f o r m .  The paper c h r o m a t o g r a p h i c  
studies s h o w e d  i n d i s t i n g u i s h a b l e  d e g r a d a t i o n  p r o d u c t s
which w e r e  d e t e c t e d  by u l t r a v i o l e t  l i ght (A = 254 nm, Rf 
ca 0.7) and w h i c h  r e a d i l y  d e c o l o u r i s e d  s t a r c h - i o d i n e  
spray. 1^9 The i n f r a r e d  s p e c t r a  of the e x t r a c t s  w e r e  
very s i m i l a r  (Figure 33) w i t h  loss of the p a r e n t  1790 
cm~1 (jB-lactam) peak and f o r m a t i o n  of a broad 1 6 50 cm " 
peak centred at 1650 cm-1.
The d r i e d  e x t r a c t s  ( y e l l o w i s h  gums) w e r e  d i s s o l v e d  in 
acetone and t r e a t e d  w i t h  a c e t y l  c h l o r i d e  f o l l o w e d  by 
excess e t h e r e a l  d i a z o m e t h a n e .  The m a j o r  p r o d u c t s  w e r e  
isolated from both extracts after preparative thin layer 
chromatography and c h a r a c t e r i s e d  s p e c t r o s c o p i c a l l y  (IR, 
MS and n.m.r.) as S V Y M e  (m.p. 174°C) (Figure 34).
133
-1 sO
OO •H +s 
-P aJ 
(d rH
XJ o. 
cd
S-1 rH
t>0 O  
a cd 
X» 23
CNJ
sO
CO
O
Osl
in
Csl
e
LJ
QJ
jQ
e
Z3
a
cu
>
ru
3:
O  H  
DO rH
>  3 
a
O  rH
u o
<m  •*“>
a
•a w  
o4j <u
cd -p
r-H Cd
O
to -P 
•rH rH 
•H
<4-1
S
DO <D 
PL, S-<
3
CD -P 
T3 rH
U o 
o
CD
Cm  «d
O
CD
a 3
§ N
S 0
£  c 
o £
CD >
- J
o
m mcn
LD
m
CD
&4
3
bO
•H
13^
130 
33 
G3 
40 
20 
0 
130
,---2R.
J[4v J * (“j'f '♦H I 'Hi1»1^1 ‘p i* i t W“|
250 S00
(a)
(b)
77 107
 33G___
250
vi iiV i
527
500
Figure 34 : MS of SVYMe C?fiH?Q07Nqs (M.wt. 527) 
isolated from:- * { J
(a) yenezuelae filtrate
(b) JL,. oereus ^-lactamase Type I
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Extension of th e i n c u b a t i o n  p e r i o d  to m o r e  t h a n  30 
minutes (45 and 60 m i n u t e s )  did not give rise to SVYMe, 
whereas d e c r e a s i n g  the i n c u b a t i n g  tim e  gav e  v e r y  poor 
yields which were not easily crystallised. Similarly the 
chloroform e x t r a c t  (at p H  2) a l s o  d i d  n o t  y i e l d  
detectable S V Y M e  on t r e a t m e n t  w i t h  a c e t y l  c h l o r i d e  and 
diazomethane.
Incubation of p e n i c i l l i n  V w i t h  iL*. v e n e z u e l a e  c u l t u r e  
filtrate and p - l a c t a m a s e  f r o m  13*. c e r e u s  in p h o s p h a t e  
buffer f o l l o w e d  by t r e a t m e n t  as in the VSO i n c u b a t i o n  
yielded only penieilloic acid (m.p. 120°C).
The p o s s i b l e  s i g n i f i c a n c e  of this d i f f e r e n t  r e s p o n s e  of 
VSO to base and p-lactamase is discussed in Chapter 6.
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■5.* 2 % 2 Pp39i.fr le mechanising involved in the formation of 
SVYHe
The metabolism of VSO by jB-lactamases produced a mixture 
of products apparently including PSM.which could be con­
verted to a c r y s t a l l i n e  d e r i v a t i v e ,  S V Y M e .  T h i s  
suggested that the p-lactamase can either effect a C(5) - 
C (6) cleavage of the sulphoxide to generate the phenoxy- 
acetylglycyl moiety of SVYHe or alternatively convert the 
sulphoxide to a l a b i l e  i n t e r m e d i a t e  in w h i c h  this bond is 
susceptible to c l e a v a g e  on m i l d  t r e a t m e n t  w i t h  acyl 
chloride and diazomethane. This enzymic hydrolysis would 
also r e q u i r e  a S ( 1 ) - C(5) c l e a v a g e  of the p e n a m  t h i a z o -  
lidine ring possibly." l e a d i n g  to a p r o d u c t  (51) w h i c h  
could y i e l d  the 1 , 4 - d i h y d r o t h i a z i n e  ( S V Y M e )  (52) 
following c y c l i s a t i o n  of an i n t e r m e d i a t e  v i n o l o g o u s  
urethane o x a z o l o n e  s u l p h e n a t e  (82) c o r r e s p o n d i n g  to the 
penicillenic acid (83)» w i t h  loss of C 0 2 . A p r o p o s e d  
transformation of the s u l p h o x i d e  to the p r o d u c t  (51) 
could i n v o l v e  the c o n v e r s i o n  of the j B - l a c t a m  to an 
enzyme-bound intermediate containing an esterified serine 
residue (84).
An a l t e r n a t i v e  p a t h w a y  m a y  be e n v i s a g e d ,  for e x a m p l e ,  
leading to the f o r m a t i o n  of the p h e n o x y a c e t y l g l y c y l
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moiety via a penilloaldehyde-1ike intermediate proceeded 
by a Pummerer-type rearrangement (Scheme 10), which would 
effect an i n t e r n a l  o x i d a t i o n - r e d u c t i o n  i n v o l v i n g  <3 - 
shift of the sulphoxide oxygen from S(1) to C (5)-
This mec hanism for the formation of SVYMe involves con­
densation of the observed degradation product penilloal- 
dehyde (93) (pr o b a b l y  f o r m e d  as s h o w n  in S c h e m e  12, path 
C) w i t h  the h y p o t h e t i c a l  1 , 4 - d i h y d r o t h i a z i n e  e n a m i n e  
intermediate (89) to give (89a) ( S c h e m e  11). S p o n t a n e o u s  
aerial o x i d a t i o n  c o uld g e n e r a t e  the t h i a z i n e  N - g l y c y l  
derivative (92) m e t h y l a t i o n  of w h i c h  w o u l d  y i e l d  S V Y M e  
(52). This rearrangement accommodates the observed race- 
misation at C (3) l e a d i n g  to (+) S V Y M e ,  a p l a u s i b l e  
mechanism for which is shown in Scheme 11 although other 
mechanisms cannot at present be excluded. Aerial oxida­
tion of 1 ,4 - d i h y d r o t h i a z i n e s  are known, for e x a m p l e  the 
sulphoxide (95) on t r e a t m e n t  w i t h  a c e t y l  c h l o r i d e  and 
acetonitrile has been r e p o r t e d ”*51 to form compound (96), 
which n e c e s s i t a t e s  as o x i d a t i v e  step. A ri ng e x p a n s i o n  
of the free acid w i t h  S (1) - C(5) c l e a v a g e  l e a d i n g  to a 
2 H - 1 ,4-thiazinium chloride (33) involving a facile aerial 
oxidative step has p r e v i o u s l y  been r e p o r t e d . 1*2 S p o n ­
taneous a erial o x i d a t i o n  is k n o w n  to o ccur d u r i n g  the
conversion of VSO to (33) on t r e a t m e n t  w i t h  a c e t y l  chlo-
42ride in acetone.
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In k n o w n  e n z y m i c  d e g r a d a t i o n s  of p e n i c i l l i n s ,  three 
different p r o d u c t s  m a y  be o b t a i n e d  d e p e n d i n g  on the 
enzymes used ( S c h e m e  13). In the a b s e n c e  of e n z y m e ,  
penicillin V is s t a b l e  at pH 2.0 and pH 7.5 but is 
degraded under basic c o n d i t i o n s  (pH 12) w i t h  the f o r m a ­
tion of penicilloic acid.
In summary, the formation of SVYMe clearly required two 
penicillin molecules. The pathway may imply the presence 
of two a c t i v e  sites, both of w h i c h  ma y  e x h i b i t  N (4) - 
C(7) p - l a c t a m a s e  a c t i v i t y  a l t h o u g h  not n e c e s s a r i l y  
requiring oxazalinone formation. Additional cleavages at 
the donor site of C(5) - S(1) and C(5) - C(6) with s i m u l ­
taneous r e l e a s e  of N - f o r m y l - p e n i c i l l a m i n e  c o u l d  also 
take place. There is also the possibility of an enzyme- 
bound acylglycine derivative formed prior to displacement 
of the enzyme either through hydrolysis or amination.
RCO NH. H H S .M e  
"V -M ek~Y'
0
7 4 3N -------
C 02H
©
(acylase)
H, Me
Me
P en ic illin  V (R = PhO Cf^)
|3-lactamase) ©t
6-apa
(DD-carboxypeptidase 
-transpeptidase)
RCONH RCONH,
CH,
Me
Me
+
Penicillo ic acid Acylglycine
Enzyme Cleavage
1 N-acyl
2 N(4) -  C (7)
3 N (4) -  C (7) and C (3) -  C (6)
HS
CHO
I
HN —
I
CH
\
Me
Me
c o 2h
N-Form ylpenicillam ine
Scheme 13 Enzymic degradation of penicillins
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The p r i m a r y  o b j e c t i v e  of t h i s  p r o j e c t  h a s  b e e n  to 
investigate the e n z y m i c  d e g r a d a t i o n  of p e n i c i l l i n  
derivatives, and in particular penicillin V jB-sulphoxide 
(VSO). C o n c e i v a b l y ,  such s t u d i e s  m a y  hel p  to c l a r i f y  
both the mode of action of this group of antibiotics and 
the m e c h a n i s m  of their i n a c t i v a t i o n  by p e n i c i l l i n a s e  
enzymes.
J6_*_l p-LAC TAMASE HYDROLYSIS
Direct 1 h n.m.r. s t u d i e s  of V S O  d e g r a d a t i o n  by p- 
lactamase i n f e r r e d  the t r a n s i e n t  f o r m a t i o n  of a m a j o r  
product, ( d e c t e c t e d  by n.m.r.), POS (pg. 111), w h i c h  on 
treatment with acid and subsequent chloroform extraction, 
underwent further decomposition with extensive r e a r range­
ment. Degradation of VSO by p-lactamase Type I and Type 
II enzymes apparently differed only in the relative rates 
of f o r m a t i o n  of the s a m e  products. T r e a t m e n t  of the 
chloroform extract sequentially with acetyl chloride and 
diazomethane y i e l d e d  the p r e v i o u s l y  c h a r a c t e r i s e d  
dihydro-1,4-thiazine s t r u c t u r e  ( S V Y M e ) 1 ^ ®  (52) ( S c h e m e  
14) w h i c h  is d e r i v e d  f r o m  two m o l e c u l e s  of VSO and 
necessitates a ring expansion step. SVYMe formation
1 47
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was not o b s e r v e d  on c o r r e s p o n d i n g  t r e a t m e n t  of the VSO 
base hydrolysis product, which indicated that either the 
intermediate POS w a s  not f o r m e d  on a l k a l i n e  d e g r a d a t i o n  
or that if it is f o r m e d ,  it u n d e r w e n t  s u b s e q u e n t  r a pid  
degradation to the v a r i o u s  p r o d u c t s  o b s e r v e d  at pH 12 
(page 10 1).
In the p - l a c t a m a s e  d e g r a d a t i o n  of VSO ( S c h e m e  12, pg. 
142), the p r e s e n c e  of the s u l p h o x i d e - o x y g e n  s u b s t i t u e n t  
may lead to the formation of a penicillin-enzyme complex 
(e.g. 87) w h i c h  is a v i n o l o g o u s  urethane. Th is could
occur via the pathway B in Scheme 12, pg. 142: only SVYMe 
(52) was isolated and structurally characterised.
Nucleophilic a t t a c k  at the p - l a c t a m  c a r b o n y l ,  for 
example, by a se r i n e  r e s i d u e  of p - l a c t a m a s e  Type 1 m a y  
initially e f f e c t  c l e a v a g e  of the C(5) - S(1) b o n d
yielding the s u l p h e n i c  acid (85). ( S c h e m e  12, pg. 142) 
The e n z y m e  ester l i n k a g e  m a y  then be c l e a v e d  e i t h e r  by 
direct h y d r o l y s i s  or c o n c e i v a b l y  by an i n t r a m o l e c u l a r  
nucleophilic d i s p l a c e m e n t  ( S c h e m e  12, pg. 142, path A), 
to yield, following hydration the carbinolamine d eriva­
tive (86). A l t e r n a t i v e l y ,  the i s o m e r i c  e n a m i n e  (8 7 ) 
could be formed (path B), the vinylogous urethane moiety 
of which would be expected to stabilise the enzyme-ester 
complex. Cyclic elimination of water from this sulphenic
149
acid and hydrolysis of the resulting 1 ,4-dihydrothiazine 
enzyme e ster (88) ( S c h e m e  11, pg.141) c o u l d  g e n e r a t e  
structure (89) a l t h o u g h  this w a s  not r e c o v e r e d  per s e . 
This is a n a l o g o u s  to the i r r e v e r s i b l e  i n h i b i t i o n  of the
cillanic acid as proposed by S a mmes e_t aJ^ISO involving 
the s e r i n e - 4 4  r e s i d u e  of this e n z y m e  w h i c h  al so a p p e a r s  
to lead to the formation of a stable 1 ,4-dihydrothiazine 
ester (94).
Path A ( S c h e m e  12, pg. 142) w o u l d  p a r a l l e l  th e  D D -  
carboxypeptidase-transpeptidase m o d e  of d e g r a d a t i o n  of 
penicillin V (and G), w h i c h  in a d d i t i o n  to h y d r o l y s i s  of 
the p - l a c t a m  i n v o l v e s  c l e a v a g e  of the C(5)- C(6) bond 
giving the products (90) and (90a) as shown in S cheme 12,
Bacillus c e r e u s  B - l a c t a m a s e  Tvpe I by 6B - b r o m o p e n i -
R 0 0 C
( 9 4 )
R = enzyme
1 50
pg.142. An a n a l o g o u s  d e g r a d a t i o n  of. VSO w a s  i n i t i a l l y  
suggested to account for the origin of the phenoxyacetyl- 
gylcyl amide substituent of SVYMe (92) (pg. 141).^®
6^2. BASK HYDROLYSIS
Treatment of VSO w i t h  base has been s h o w n  to y i e l d  6- 
epjpenicillin V p - s u l p h o x i d e  as one of the i n i t i a l  p r o ­
ducts, w h i c h  then d e g r a d e s  to o ther pr oducts. It wa s  
shown that the e p i m e r  is m o r e  st a b l e  to base than VSO, 
i.e. 6 -epimerisation appears to partially stabilise its 
penam nucleus. Another major base degradation product is 
penilloaldehyde (w h i c h  is also f o r m e d  f r o m  VSO on p- 
lactamase hydrolysis) (Scheme 15). A minor product was 
subsequently characterised as a novel pyrrole derivative, 
3-pheno xyacetamido-1-phenoxyacetylpyrrole ( c h a p t e r  3> 
pg. 80).
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Comparison of the m e c h a n i s m  of p e n i c i l l i n  V d e g r a d a t i o n  
with that of its s u l p h o x i d e  i n d i c a t e d  that d i f f e r e n t  
pathways m a y  be involved. The product, i s o l a t e d  in both 
base-hydrolysed a n d  e n z y m e - c a t a l y s e d  r e a c t i o n s  of 
penicillin V w a s  s h o w n  to be the c o r r e s p o n d i n g  peni- 
cilloic acid. H o w e v e r ,  the e q u i v a l e n t  p e n i c i l l o i c  acid 
of VSO w a s  not i s o l a t e d  on c o m p a r a b l e  h y d r o l y s i s  of the 
p-lactam ring, nor has this p r o d u c t  yet be en r e p o r t e d  in 
the literature; indeed such thiazolidine sulphoxides are 
known to be unstable. 153
Attempted oxidation of phenoxymethylpenicilloic acid with 
sodium metaperiodate resulted in a mixture of products, 
none of which were isolated. This reaction was monitored 
by p r o t o n  n.m.r. and the o b s e r v e d  c h e m i c a l  s h i f t s  of the 
major p r o d u c t  w e r e  found to c o r r e l a t e  w i t h  the c h e m i c a l  
shifts of the i n i t i a l  product, (POS), of p e n i c i l l i n  V oC- 
and p - s u l p h o x i d e  d e g r a d a t i o n  by p - l a c t a m a s e .  Th is is 
consistent w i t h  the e n z y m i c  h y d r o l y s i s  of VSO via the 
corresponding sulphoxide of penicilloic acid, which then 
undergoes further spontaneous degradation.
As described in chapter 4, n.m.r. studies of the products 
of p - l a c t a m a s e  and a l k a l i n e  d e g r a d a t i o n  of VSO d e m o n ­
strated the a p p a r e n t  o p e r a t i o n  of d i f f e r e n t  p a t h w a y s .
153
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Scheme 16 : Possible structure-activity relationships 
of penicillin and cephalosporin side-chains 
involving conformational control via i ntra­
molecular hydrogen bonding of the 6(7)-amido 
substituent
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As discussed earlier, one mechanism for the formation of 
the penicilloic acid glycyl substituent is via an oxaza- 
linone intermediate and it is interesting to consider the 
possibility that the d e g r a d a t i o n  of p e n i c i l l i n s  m a y  
involve r e m o v a l  of the e n z y m e  f r o m  the r e s u l t i n g  p e n i ­
cilloic e s ter of p - l a c t a m a s e  via an i n t r a m o l e c u l a r  d i s ­
placement forming an oxazolinone-thiazolidine wh ich would 
subsequently s p o n t a n e o u s l y  h y d r o l y s e  to a p e n i c i l l o i c  
acid ( S c h e m e  16).
This c o n c e p t  in turn s u g g e s t s  a m e c h a n i s m - b a s e d  s t r u c -  
ture-activity relationship for the p-lactamase resistance 
of various semi-synthetic 6-APA derivative (Scheme 16). 
The hypothetical o x a z o l i n o n e - t h i a z o l i d i n e  i n t e r m e d i a t e  
(99) would result from intramolecular displacement of the 
penicilloate e s t e r - b o u n d  e n z y m e  by the 6 - a m i d o  c a r b o n y l  
oxygen. Thus, h y d r o g e n  b o n d i n g  of the type i n d i c a t e d  in 
methicillin, cephalothin and various syn-oximes (but not 
the a n t i - o x i m e s )  m a y  c o n f o r m a t i o n a l l y  i n f l u e n c e  the 
orientation of the a m i d o  c a r b o n y l  f u n c t i o n a l i t y  p r e ­
cluding f o r m a t i o n  of the o x a z o l i n o n e  ring and t h e r e b y  
prolonging the half-life of the enzyme-bound penicilloate 
ester. This p o s s i b i l i t y  could be t ested by c o r r e l a t i n g  
the |9-lactamase resistance of suitable 6-APA derivatives 
which might predictably favour such hydrogen bonding.
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ANALYTICAL MEXHPP.S
1 H N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  in c h l o r o f o r m - d  
solution, a c e tone-d, d i m e t h y l s u l p h o x i d e - d  or w a t e r - d ,  
with or w i t h o u t  t e t r a m e t h y l s i l a n e  as i n t e r n a l  s t a n d a r d  
were routinely obtained on a Perkin-Elmer n.m.r. spec tro­
meter R-24A. H i g h e r  r e s o l u t i o n  s p e c t r a  w e r e  o b t a i n e d  
using a Bruker WH 90 Fourier Transform spectrometer.
Mass s p e c t r o m e t r y  was c a r r i e d  out on an AE1, MS1 2 70 eV 
mass spectrometer, probe temperature around 150°C.
I.R. spectra were recorded on a Perkin-Elmer 157G grating 
infra-red s p e c t r o p h o t o m e t e r  u s i n g  s o d i u m  c h l o r i d e  and 
potassium bromide plates. Solid samples were made up in 
nujol mulls.
Uncorrected melting points were determined using a Kofler 
hot-stage apparatus.
H.p.l.c. a n a l y s i s  wa s  p e r f o r m e d  u s i n g  an S P 8 7 5 0  s o l v e n t  
delivery system equipped with a Pye Unicam LC-UV detector 
at a w a v e l e n g t h  of 275 nm. An R P -18 c o l u m n  and m o b i l e  
phase of a, m i x t u r e  of 50$ a c e t o n i t r i l e  and 50$ t e t r a b u t y l  
ammonium p h o s p h a t e  b u f f e r  ( 0 . 0 0 5 M )  w e r e  u s e d .  Th e  
solvent flow rate wa s  1 ml min-1. Peaks w e r e  r e c o r d e d  on
157
a Linseis chart recorder. Standard samples were made up
to giv e  a c o n c e n t r a t i o n  of 1 mg m l “ 1 in m e t h a n o l  or 
%
phosphate buffer (0.05M, pH 7). Peaks were identified by 
peak enchancement i.e. injecting a standard together with 
a sample and noting the increase in peak area.
Thin layer c h r o m a t o g r a p h y  was c a r r i e d  out on s i l i c a  gel 
GF-254 plates using different solvent systems inferredto 
in the appropriate sections.
Preparation of VSO
Penicillin V (10 g) was d i s s o l v e d  in d i s t i l l e d  w a t e r  (25 
ml) and m i x e d  w i t h  a s o l u t i o n  of s o d i u m  m e t a p e r i o d a t e  
(5.9 g) in water (200 ml) at room temperature. The pH of 
the solution was adjusted to 7.3 by adding sodium h y dro­
xide. The yellowish-golden solution was then allowed to 
stir for 2.5 h o urs on a m a g n e t i c  stirrer, a f t e r  w h i c h  it 
was adjusted to 2.3 with phosphoric acid. At this pH the 
colour of the solution was pale pink with a white preci­
pitate w h i c h  w a s  f i l t e r e d  and w a s h e d  w i t h  water. A few 
drops of p h o s p h o r i c  acid w a s  a d d e d  to c h e c k  for f u r t h e r  
precipitate. Crude VSO w a s  d r i e d  in a v a c u u m  d e s i c c a t o r  
over f u sed c a l c i u m  chloride, and the d ried p r o d u c t  (8.0 
g) was r e c r y s t a l l i s e d  f r o m  a c e t o n e  (100 ml) to gi ve 
needle-shaped c r y s t a l s  (7*8 g), m.p. 165°C; y i e l d  78^.
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PreparatAgq <af .mg.thyl jg_9.t..gr SJL P h e n o x y m e t h y l  p e n i c i l l i n  
sulphoxide
VSO (3 g) was d i s s o l v e d  in e t h a n o l  (75 ml) and d i a z o m e -  
thane in e t h e r  w a s  a d d e d  until the y e l l o w  c o l o u r  p e r ­
sisted. The solution was then evaporated to dryness, and
the r e s i d u e  c r y s t a l l i s e d  f r o m  M e O H - H 2 °» g i v i n g  2.5g» 
m.p. 1 2 1 0 C ; y i e l d  (83$).
Treatment of VSO wi, th mild base to give 6- e p j p e n i c i l l i n  V. 
jB-sulphoxide
Penicillin V p - s u l p h o x i d e  (50 mg) w a s  d i s s o l v e d  in 
phosphate buffer (0.05M, pH 7*2, 5 ml). Sodium hydroxide 
(2M, 200 pi) was a d d e d  to give a pH of 12.0. A f t e r  t w o  
minutes concentrated hydrochloric acid (150 pi) was added 
and the r e s u l t a n t  p r e c i p i t a t e  f i l t e r e d  (43 mg), w a s h e d  
with w a t e r  and dried in a d e s i c c a t o r  ov er p h o s p h o r u s  
pentoxide. The d ried s olid wa s  r e c r y s t a l l i s e d  f r o m  
methanol (36 mg, m.p. 153 - 154°C; yield 72$).
Preparation of deuterated phosphate buffer solution
Anhydrous disodium hydrogen ortho phosphate (0.5688 g) in 
deuterium o x ide (10 ml) gav e  a 0.4M s o l u t i o n  at pH 9.2.
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Concentrated DC1 w a s  a d d e d  to a d j u s t  the pH to 7*2. This 
solution was then used directly.
Treatment of VSO with mild base (monitored by 1 H ntm,r.JL
VSO (20 mg) was dissolved in deuterated phosphate buffer 
(0.4M, 0.5 ml, pH 7*0). Deuterated sodium hydroxide (2M, 
20pl) was a d ded to the s o l u t i o n  and t r a n s f e r r e d  to an 
n.m.r. tube where the reaction was monitored.
.Treatment _&f VSO with ^-lactamase Type. JL (mpnifrpr.ed 
by lH n.t.p, r
VSO (20 mg) was dissolved in deuterated phosphate buffer 
(0.4M, 0.5 ml, pH 7-0) and p - l a c t a m a s e  Type I (1 mg m l -1 > 
10.pl) w a s  a d d e d  to th e  s o l u t i o n  a n d  the r e a c t i o n  
monitored by ^H n.m.r.
Treatmentof penicillin i  with mild ba3e (monitored 
by J-H p.p.rtl
Penicillin V (20 mg) w a s  d i s s o l v e d  in d e u t e r a t e d  
phosphate (0.4M, 0.5 ml, pH 7.0). D e u t e r a t e d  s o d i u m
hydroxide (2M, 20 pi) w a s  a d d e d  to the s o l u t i o n  and the 
reaction monitored by 1H n.m.r.
Treatment of penicillin i  with p-lactamase Type X  
Imonitored by 1 h n.m.r.)
Penicillin V (20 mg) w a s  d i s s o l v e d  in d e u t e r a t e d  
phosphate b u f f e r  (0.4M, 0.5 ml, pH 7*0) and p - l a c t a m a s e  
Type I (1 mg m l ~ 1 , 1 0  ji 1) wa s  a d d e d  to the s o l u t i o n  and 
the reaction monitored by n.m.r.
Treatment of 6-epiVSO with base (monitored bv ljH n.m.r.)
6 - E p i VS0 (20 mg) wa s  d i s s o l v e d  in d e u t e r a t e d  p h o s p h a t e  
buffer (0.4M, 0.5 ml, pH 7.0) an d  d e u t e r a t e d  s o d i u m
hydroxide (2M, 20 ji 1) w a s  a d d e d  to the s o l u t i o n  and the 
reaction monitored by 1H n.m.r.
Treatment of 6-epiVSO with p-lactamase Type X  
Xmonitored X i  lfi n.m.r.)
6 - E p i VSO (20 mg) was d i s s o l v e d  in d e u t e r a t e d  p h o s p h a t e
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buffer (0.4M, 0.5 ml, pH 7.0) and p - l a c  t a m a s e  Type I (1 
mg m l " 1, 10 ^1) w a s  a d d e d  to the s o l u t i o n  a n d  the 
reaction monitored by )H n.m.r.
Treatment n? penicillin o^-sulphoxide with mild base 
monitored by lH n.m.r.)
Penicillin V cX-s ulphoxide w a s  d i s s o l v e d  in d e u t e r a t e d  
phosphate b u f f e r  (0.4M, 0.5 ml, pH 7.0) and d e u t e r a t e d
sodium h y d r o x i d e  (2M, 20 pi) was a d d e d  to the s o l u t i o n
and the reaction monitored by ^H n.m.r.
Treatppnt of penicillin 1 oC-sulnhoxide with p-lactamase 
Tjlpq 1 (monitored hx P.m.r.«I
Penjcillin V o ( - s u l p h o x i d e  (20 mg) w a s  d i s s o l v e d  in 
deuterated buf f e r  (0.4M, 0.5 ml, pH 7.0) and p - l a c t a m a s e  
Type I (1 mg ml"), 10 p 1) w a s a d d e d  to the s o l u t i o n  and
the reaction monitored by ^H n.m.r.
jB-lactamase Type II degradation
The procedure for the 6-lactamase Type II degradation was
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the same as the p-lactamase Type 1 degradation except for 
the a m o u n t  of 6 - l a c t a m a s e  Type II a d d e d  (1 mg ml-1, 200
Preparation of phosphate buffer solution for h.p.l.c.
Phosphate b u f f e r  (0.05M) s tock s o l u t i o n  w a s  m a d e  up 
as follows:
Anhydrous Na2HP0ij (3*549 g) was d i s s o l v e d  in h.p.l.c. 
grade w a t e r  (400 ml), and a d j u s t e d  to pH 1,2 w i t h  conc. 
HC1 and the v o l u m e  m a d e  up to 500 ml w i t h  h.p.l.c. g r a d e  
water.
The a b o v e  s t o c k  s o l u t i o n  (50 ml) w a s  d i l u t e d  w i t h  
h.p.l.c. g r a d e  w a t e r  ( 950 ml) to give a c o n c e n t r a t i o n  of 
0.0025M.
Preparation of tetrabutvlammonium phosphate buffer for 
h.p.l.c.
Tetrabutylammonium h y d r o x i d e  (1.54M, 25 ml) was t i t r a t e d  
against p h o s p h o r i c  acid (1.28M) to give a pH 7 s o l u t i o n  
of tetrabutylammonium phosphate.
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The a b ove s o l u t i o n  (20.76 ml) wa s  d i l u t e d  to 100 ml to 
give a stock s o l u t i o n  of 0.1M, w h e r e  s o l u t i o n s  of 0.005M 
and 0.0025M w e r e  m a d e  f r o m  and used in the h.p.l.c. 
system.
Sfranflarfl solutions for h.p.l.c.
Standard stock s o l u t i o n s  of VSO, p e n i c i l l i n  V, 6 e p i VSO * 
penicillin V o(-sulphoxide w e r e  m a d e  up in p h o s p h a t e  
buffer (0.1M, pH 7) (1 mg/100 pi).
Samples of each of the a b o v e  s t a n d a r d  s o l u t i o n s  (5 pi) 
were m a d e  up in w a t e r  (45 pi) to give a c o n c e n t r a t i o n  of 
1 mg m l “ 1 which was injected directly into the system.
Treatment with mild base (monitored by h.p.l.c.)
Samples of each of the above standard stock solutions (10 
pi) w e r e  m i x e d  w i t h  s o d i u m  h y d r o x i d e  s o l u t i o n  (2M, 0.5 
pi) and left at r o o m  t e m p e r a t u r e  2 4°C for the d e s i r e d  
reaction t i m e s  be f o r e  d i l u t i n g  w i t h  p h o s p h a t e  b u f f e r  
(0.5M, 90.ul) and injecting into the system.
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Treatment with JBr lac tam ase I m  J. l m pfli.t.p.r.gjd i n  h . p . 1. c.»l
Samples of each of the a b o v e  s t a n d a r d  s t o c k  s o l u t i o n s  
(10 pi) were mixed with p-lactamase Type I solution (0.1 
mg ml-1, 2.5 pi) and left at r o o m  t e m p e r a t u r e  (24°C) for 
the desired reaction times. Solutions were then diluted 
with phosphate buffer (0.5M, 90 pi) before injecting into
the system.
Treatment with p-lactamase Type II (monitored bv h.p.l.c.)
The procedure was similar to that of the p-lactamase Type 
I treatment except that p-lactamase Type II (0.5 mg m l " 1 ,
*1 pi) enzyme was used instead.
Preparation of the penicilloie acid of penicillin X
Sodium h y d r o x i d e  (45 ml, 0.5M, 0.023 moles) w a s  a d d e d
portion w i s e  to a s t i r r i n g  s o l u t i o n  of p e n i c i l l i n  V K+ 
salt (8.0 g, 0.02 moles) u n d e r  n i t r o g e n  m a i n t a i n i n g  the 
pH at 11 - 11.5. W h e n  the pH r e m a i n e d  s t e a d y  w i t h o u t  
further addition of NaOH, the solution was acidified with 
HC1 (3M). The resultant precipitate was filtered at the 
pump and the w e t  solid w a s  d i s s o l v e d  as q u i c k l y  as pos-
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sible in b o i l i n g  a c e t o n e  (150 ml), c o n c e n t r a t e d  at r o o m  
temperature to a s m a l l e r  v o l u m e  and w a t e r  added. The 
resulting solid product was recrystallised by solution in 
boiling acetone (200 ml) concentrated at room temperature 
and w a t e r  a d d e d  to y i e l d  8.4 g ,(99*7 %) , m.p. 124 - 1 2 5 ° c >
[<X]25 = 85° (c 1.5 in m e t hanol).
D
Periodate/oxidation a £  penicilloic acid (monitored b*
-^H n.m.r.)
Penicilloic acid d e r i v e d  f r o m  p e n i c i l l i n  V (25 mg) was 
dissolved in p h o s p h a t e  b u f f e r  (0.25 ml, 0.4M). NaO D
(20pl, 2M) in D 2 0 (0.2 ml) was a d d e d  to g i v e  a s o l u t i o n
of pH 7. This w a s  then t r a n s f e r r e d  to an n.m.r. tube. A
solution of s o d i u m  m e t a p e r i o d a t e  (15 mg in D 2 o, 0.25 ml) 
was a d ded to the tube and the r e a c t i o n  m o n i t o r e d  by 1 H 
n.m.r. for 2 hours.
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J.sQlatjiPft _e£ 3^Phenoxyacetamido-1-Phenoxyacetylpyrrole
VSO (2 g) d i s s o l v e d  in p h o s p h a t e  b u f f e r  (0.2M,pH 8 , 170 ml)
pH adjusted to 12 with NaOH (2M), 
left for 20 hours
H.p.l.c. showed 5 components, pH 11.5 
Chloroform extracted
Chloroform extract aqueous layer
H.p.l.c. s h o w e d  5 c o m p o n e n t s  
still present, all of which 
decreased by about 27^. Soln. 
left at room temperature for 
34 days after adjusting pH to 
7.
A y e l l o w  s o l u t i o n  w i t h  w h i t e  
and yellow precipitate observed
filtered
aqueous filtrate white and yellow solid (800 mg)
washed in CHC1
yellow solid dissolved 
in C H C l ^  T.l.c. show­
ed at least 4 compo­
nents (Rf 0.27,0.0,
0.1 and 0 .47)
white solid mainly insoluble in
CHCI3 . T.l.c. showed a single 
component ( R f  0.27)*
I R ,  n.m.r. and MS dat a  a v a i l a b l e  
(n.m.r. indicates mixture of
compounds). Microanalysis : C, 
64.91; H, 5.08; N, 7.44. (151 
mg) .
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I
I
C H C l g e x t r a c t e d  at pH 7 , t h e n 
adjusted to 2 and CHClg 
extracted again. (4x).
chloroform extract showed about 
4 components by t.l.c., the
major one at the origin (Rf
0.37, 0, 0.69, 0.16) (Acetone : 
chloroform, 1 :6 .v/v) (326 mg). 
N.m.r. showed high field alde­
hyde peak.
solid (1 0 m g ) p a r t i a l l y  d i s ­
solved in MeOH and glac. 
a c e t i c  acid a d d e d  u n t i l  t.l 
c. showed only 1 component
(Rf from 0.28 to 0.82) . As 
water was added to the soln. 
a white precipitate was o b ­
served. Solid was r e dis­
solved by gentle warming, 
soln. filtered and filtrate 
cooled
c r y s t a l s  (m.p. 139°C) (7.6
f
Needle-shaped
mg). F r o m  s p e c t r a l  data (n.m.r., MS and 
IR) and m i c r o a n a l y s i s  (C, 67.97 ; H, 4.44; 
N, 7.42; 0, 20.17) a m o l e c u l a r  f o r m u l a  of
^20^18^2^4 w a s  d e d u c e d .  A p o s s i b l e  
structure postulated was:-
3=rphenoxyacetamido& 1-phenoxyacetyl pyrrole
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Preparation J3»£ 3-phenoxyacetamido-1-phenoxyace tvlpyrrolg.
Aminoacetal (1.0 g) was dissolved in NaOH (2M, 
10 ml) and cooled in an ice bath. Phenoxyacety1 
chloride (1.3 g ) w a s  then a d d e d  d r o p w i s e .
shaken vigourously for 15 rains. 
Chloroform extracted, solvent 
evaporated.
Phenoxyacetamidoacetal (1.63 g ) • T.l.c. 
showed the presence of phenoxyacetic acid.
distilled at 128°C, 0.85 torr.
u
Purified phenoxyacetamidoacetal (0.97 g) 
hydrolysed by hot HC1 (2.OH, 10 ml).
chloroform extracted, solvent 
evaporated. N.m.r. spectrum 
showed high field singlet.
' r
Phenoxyacetamidoacetaldehyde in water (4 ml, 
pH 2.5) made alkali with NaOH to pH 10.0 
solution turned chalky.
chloroform extracted, solvent 
evaporated. Chalky solution 
remained in aqueous phase.
Aqueous phase saturated with sodium acetate, 
warmed in boiling water, cooled and then 
extracted into ethyl acetate. This procedure 
was repeated 10 times. T.l.c. showed the 
ethyl acetate extract to contain 4 compounds,
one of which had Rf value indistinguish­
able from the VSO-NaOH pyrrole derivative 
Combined ethyl acetate (0.24 g) .
i
i
i
I
16 9
I
I
I
1.
sublimed at various temperatures.
< 1 00°C 2 . 1 0 0 - 1 5 0 ° C
sublimate contains mixture of acid 
only phenoxyacetic and pyrrole deri- 
acid (by t.l.c.) vative m.p. 120°C 
m.p. 96°C
3. c h a n g e d  cold 
finger, 100-150^0
mainly pyrrole deri­
vative, very small 
amount,trace of acid 
present
All s u b l i m a t e s  c o n t a i n i n g  the p y r r o l e  d e r i v a t i v e  w e r e  
combined and p r e p a r a t i v e  t.l.c. was us ed to i s o l a t e  it. 
The pyrrole compound (0.5 mg) recovered from the silica 
by elution with chloroform was chromatographically indis­
tinguishable from the pyrrole compound isolated from VSO- 
NaOH.
Cultivation of streptomvoetes
Streptomvces a.§. ( N C I B  8231 ) w a s  o r i g i n a l l y
obtained f r o m  the C o m m o n w e a l t h  M y c o l o g i c a l  I n s t i t u t e  
collection.
Culture m e d i u m  wa s p r e p a r e d  f r o m  n u t r i e n t  b r o t h  (OXOID, 
Code CMI) (13 g) in d i s t i l l e d  w a t e r  (1 1) w h i c h  w a s  the n
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distributed b e t w e e n  1 6 x 250 ml coni c a l  flasks, each 
containing 60 ml. The necks of the f l a s k s  w e r e  p l u g g e d  
with cotton wool, covered with aluminium foil and lightly 
taped with autoclave tape. The flasks were autoclaved at 
121 °C (15 lb per i n 2 ) for 15 minutes.
Agar slopes were made from nutrient agar (0X0ID Code no. 
CM3)i pH 7.4, (14 g) in d i s t i l l e d  w a t e r  (500 ml). The 
hot s o l u t i o n  w a s  then p o u r e d  into u n i v e r s a l  b o t t l e s  
filling on ly h a l f  of each bottle, a u t o c l a v e d  as b e f o r e  
and allowed to set at sufficient angle to give a slope.
Aseptic techniques were adopted throughout the inocula­
tion procedures. Necks of bottles and flasks were flamed 
whenever they w e r e  o p e n e d  and b e f o r e  their tops w e r e  
replaced. F l a m i n g  the necks c a u s e d  the air in that area 
to e x p a n d  thus e x p e l l i n g  any f o r e i g n  m a t t e r  that m i g h t  
have entered the bottles.
Inoculation of the flasks from the slope (F^ culture) was
carried out by transferring 1 ml of the spore suspension
using a sterilised pipette. Flasks were incubated on an
orbital s h a k e r  i n c u b a t o r  at 2 8 °C for 72 hours. (220
r.p.m.) F 2 c u l t u r e s  w e r e  p r e p a r e d  by t r a n s f e r r i n g  1 ml 
of the F 1 c u l t u r e  to the f l ask of s t e r i l e  m e d i u m  and 
incubated under the same conditions.
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Conversion j3l£ .P-gni.QlJ.llB J£ p=.aB l ph.9xld.Q Jlq P.SM
VSO, (50 m g / 6 0  ml), d i s s o l v e d  in a m i n i m u m  a m o u n t  of
ethanol (2 ml), w a s  i n c u b a t e d  w i t h  S . v e n e z u e l a e  NCIB 
8231 c u l t u r e  f i l t r a t e s  at pH 7.5 for 50 m i n u t e s  on a 
rotary shaker at 28°C. After the incubation, chloroform 
(20 ml) was added to the flask and the pH adjusted to 2.5 
(1M, HC1). The flask w a s  then w e l l  s h a k e n  and its c o n ­
tents t r a n s f e r r e d  to a s e p a r a t i n g  funnel, w h e r e  the 
chloroform l a y e r  w a s  t r a n s f e r r e d  to a f lask c o n t a i n i n g  
anhydrous sodium sulphate. The aqueous layer was further 
treated w i t h  c h l o r o f o r m  (20 ml x 2 ) and the c o m b i n e d  
extract w a s  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e ,  
filtered, collected in a weighed round-bottomed flask and 
evaporated d o w n  to d r y n e s s  f in v a c u o  35°C ] on a r o t a r y  
evaporator (residue = 200 mg).
Preparation of SVYMe from PSH
The dried extract, a y e l l o w i s h  gum, was d i s s o l v e d  in 
acetone (5 ml) and acetyl chloride (0.2 ml) was added and 
left for 1 hour. Diazomethane {prepared fresh by d istil­
lation of a m i x t u r e  of d i a z a l d  (1.07 g) in e t h e r  (15 ml) 
and 4 $ p o t a s s i u m  h y d r o x i d e  (w/v) in 9 6 $ et h a n o l }  was  
added in e x c e s s  to the a c e t o n e  s o l u t i o n  and a l l o w e d  to
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stand for 1 hour. This w a s  then e v a p o r a t e d  d o w n  to 
dryness and loaded onto a preparative t.l.c. plate.
The VSO e s t e r  wa s  p r e p a r e d  by d i s s o l v i n g  the s u l p h o x i d e  
(1.0 g) in ethanol (25 ml) and adding excess diazomethane 
in ether. C o l o u r l e s s  c r y s t a l s  w e r e  i s o l a t e d  (0.85 g) by 
leaving o v e r n i g h t  in ethanol. Th is ester w a s  p r e p a r e d  
for use as the " a u t h e n t i c  e s t e r ” in the t.l.c. studies.
■IflYggtigation M  detest ion sX £SM derlyatiYeg
T.l.c. w a s  p e r f o r m e d  u s i n g  p l a t e s  w i t h  s t a t i o n a r y  p h a s e  
silica G254 and 75 x 50 m m  in size. A s o l v e n t  s y s t e m  
comprising a c e t o n e  : c h l o r o f o r m  (1 : 6 v/v) w a s  f o u n d  to 
be most effective.
Preparative t.l.c. was p e r f o r m e d  on p l a t e s  200 x 200 mm, 
stationary p h a s e  t h i c k n e s s  1 mm. The s o l u t i o n  w a s  
applied in a s t r a i g h t  line a p p r o x i m a t e l y  2 cm f r o m  the 
bottom of the plate. The chromatogram was developed using 
the a s c e n d i n g  e l u t i o n  in a g l ass c h r o m a t o g r a p h y  ta nk 
containing the solvent system described as above. S e p a ­
rated c o m p o n e n t s  w e r e  d e t e c t e d  by i r r a d i a t i o n  of the 
plates w i t h  u l t r a - v i o l e t  light ( "X = 2 5  ^ nm). A b s o r b i n g  
bands w e r e  m a r k e d  out c a r e f u l l y  and r e m o v e d  by s c r a p i n g
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with a s p a t u l a  and e m p t i e d  on to a s m a l l  s i n t e r e d - g l a s s  
funnel f i t t e d  to a v a c u u m  pump. The c o m p o u n d  a d s o r b e d  on 
the p o w d e r e d  s i l i c a  w a s  w a s h e d  off w i t h  m e t h a n o l  and 
evaporated to dryness under reduced pressure in a round- 
bottomed flask.
Purity of the c o m p o u n d  w a s  c h e c k e d  by t.l.c. on 75 x 50 
mm silica plates. Three compounds were separated in this 
way and the c o m p o n e n t  i d e n t i f i e d  as S V Y M e  by c h r o m a t o ­
graphy was crystallised and its mass spectra determined.
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